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BLOCKED MERCAPTOSILANE HYDROLYZATES 
AS COUPLING AGENTS FOR MINERAL-FILLED 

ELASTOMER COMPOSITIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the composition, 
preparation, and use in elastomer compositions of latent 
mercaptosilane coupling agents containing siloXane bonds. 
These coupling agents represent an improvement over the 
prior art in that their use is accompanied by reduced volatile 
organic compound (VOC) emissions. 

[0003] 2. Description of Related Art 

[0004] Latent mercaptosilane coupling agents knoWn in 
the art contain hydrolyZable groups that are converted to 
volatile byproducts When the coupling agents react With the 
?llers used in the rubber compositions. 

[0005] The majority of art in the use of sulfur-containing 
coupling agents in rubber involves silanes containing one or 
more of the folloWing chemical bond types: S—H (mer 
capto), S—S (disul?de or polysul?de), or C=S (thiocarbo 
nyl). Mercaptosilanes have offered superior coupling at 
substantially reduced loadings; hoWever, their high chemical 
reactivity With organic polymers leads to unacceptably high 
viscosities during processing and premature curing (scorch). 
Their undesirability is aggravated by their odor. As a result, 
other, less reactive coupling agents have been found. Hence, 
a compromise must be found betWeen coupling and the 
associated ?nal properties, processability, and required load 
ing levels, Which invariably leads to the need to use sub 
stantially higher coupling agent loadings than Would be 
required With mercaptosilanes, and often also to the need to 
deal With less than optimal processing conditions, both of 
Which lead to higher costs. 

[0006] Acylthioalkyl silanes, such as CH3C(=O)S(CH2)1_ 
3Si(OR)3 and 
HOC(=O)CH2CH2C(=O)S(CH2)3Si(OCZHS)3 are dis 
closed in Voronkov, M. G. et al. in Inst. Org. Khim., Irkutsk, 
Russia and US. Pat. No. 3,922,436, respectively. 

[0007] US. Pat. No. 3,957,718 discloses compositions 
containing silica, phenoplasts or aminoplasts, and silanes, 
such as Xanthates, thioXanthates, and dithiocarbamates; 
hoWever, it does not disclose or suggest the use of these 
silanes as latent mercaptosilane coupling agents, nor does it 
suggest or disclose the advantage of using them as a source 
of latent mercaptosilane. 

[0008] US. Pat. Nos. 4,184,998 and 4,519,430 disclose 
the blocking of a mercaptosilane With an isocyanate to form 
a solid that is added to a tire composition, Which mercaptan 
reacts into the tire during heating, Which could happen at any 
time during processing since this is a thermal mechanism. 
The purpose of this silane is to avoid the sulfur smell of the 
mercaptosilane, not to improve the processing of the tire. 
Moreover, the isocyanate used has toXicity issues When used 
to make the silane and When released during rubber pro 
cessing. 

[0009] Australian Patent AU-A-10082/97 discloses the 
use in rubber of silanes of the structure represented by 
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[0010] Where R1 is phenyl or alkyl; X is halogen, alkoXy, 
cycloalkoXy, acyloXy, or OH; Alk is alkyl; Ar is aryl; R is 
alkyl, alkenyl, or aryl; n is 0 to 2; and m and p are each 0 
or 1, but not both Zero. This patent, hoWever, stipulates that 
compositions of the structures of the above formula must be 
used in conjunction With functionaliZed siloXanes. In addi 
tion, the patent does not disclose or suggest the use of 
compounds of Formula (1P) as latent mercaptosilane cou 
pling agents, nor does it disclose or suggest the use of these 
compounds in any Way Which Would give rise to the advan 
tages of using them as a source of latent mercaptosilane. 

[0011] JP 63270751 A2 discloses the use of compounds 
represented by the general formula 
CH2:C(CH3)C(=O)S(CH2)1_6Si(OCH3)3 in tire tread 
compositions; but these compounds are not desirable 
because the unsaturation ot,[3 to the carbonyl group of the 
thioester has the undesirable potential to polymeriZe during 
the compounding process or during storage. 

[0012] There remains a need for effective latent coupling 
agents Which exhibit the advantages of mercaptosilanes 
Without exhibiting the disadvantages such as described 
herein. 

SUMMARY OF THE INVENTION 

[0013] The conversion of a portion of the hydrolyZable 
groups of the latent mercaptosilanes into siloXane bonds 
liberates a portion of the volatile by-products prior to the use 
of the coupling agents in the elastorner, via their conversion 
to the corresponding mercaptosiloXane coupling agents of 
the invention described herein. The latent mercaptosiloXane 
coupling agents retain the function of the latent mercaptosi 
lanes, but With the accompaniment of loWer VOC emissions 
and With a reduced loading level requirement. 

[0014] Thioester-functional alkoXysiloXanes are intro 
duced into the elastomer composition as the source of the 
coupling agents. The latent thioester group serves a dual 
function during the miXing process. First, it keeps the 
coupling agent inactive during the miXing process so as to 
prevent premature cure and second, it serves as a hydropho 
bating agent for the ?ller so as to enhance ?ller dispersion 
in the polymer matriX. It also serves to minimiZe ?ller 
re-agglomeration after the miXing process (Payne Effect). 
FolloWing the miXing process, the latent thioester group is 
removed by a suitable deblocking agent added With the 
curatives. This generates the active mercapto derivative, 
Which then chemically binds to the polymer during the 
curing process, thereby completing the coupling of polymer 
to ?ller. 

[0015] The present invention is directed to the use of 
siloXane derivatives of latent mercaptosilane coupling 
agents, Whereby VOC emissions during the elastomer com 
pounding process are reduced. The invention also presents a 
Way of reducing the quantity of coupling agent required for 
the elastomer composition. 

[0016] More particularly, the present invention is directed 
to a blocked mercaptosilane condensate comprising at least 
one component Whose chemical structure is represented by 
Formula 1: 
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[0017] 
[0018] m, y, u, v, and W are independently any integer 

from Zero to 10,000; 

[0019] 
[0020] W1 is a hydrolyZable blocked mercaptosilane 

fragment derived from a hydrolyZable blocked mer 
captosilane by replacement of at least one hydrolyZ 
able group With one end of a siloXane oxygen 
(—O—) group that is represented by either Formula 
2 or Formula 3: 

Wherein: 

l is any integer from 1 to 10,000; 

[0021] W2 is a hydrolyZable mercaptosilane frag 
ment derived from a hydrolyZable mercaptosilane by 
replacement of at least one hydrolyZable group With 
one end of a siloXane oXygen (—O—) group that is 
represented by Formula 4: 

[0022] W3 is a hydrolyZable polysul?de silane frag 
ment derived from a polysul?de silane by replace 
ment of at least one hydrolyZable group With one end 
of a siloXane oXygen (—O—) group that is repre 
sented by Formula 5: 

[0023] W4 is a hydrolyZable alkyl silane fragment 
derived from a hydrolyZable alkyl silane by replace 
ment of at least one hydrolyZable group With one end 
of a siloXane oXygen (—O—) group that can be 
represented by Formula 6: 

Y1Y2Y3Si—R2; 

[0024] W5 is a hydrolyZable bis silyl alkane fragment 
derived from a hydrolyZable bis silyl alkane by 
replacement of at least one hydrolyZable group With 
one end of a siloXane oXygen (—O—) group that is 
represented by Formula 7: 

Formula 6: 

[0025] W6 is a hydrolyZable tris silyl alkane frag 
ment derived from a hydrolyZable tris silyl alkane by 
replacement of at least one hydrolyZable group With 
one end of a siloXane oXygen (—O—) group that is 
represented by either Formula 8 or Formula 9: 

Formula 7: 

Formula 8: 

Formula 9: 

[0026] Wherein, in the preceding Formulae 2 through 9: 

[0027] Y is a polyvalent species 

[0028] A is selected from the group consisting of 
carbon, sulfur, phosphorus, and sulfonyl; 

[0029] E is selected from the group consisting of 
oXygen, sulfur, and NR; 

[0030] each G is independently selected from the 
group consisting of monovalent and polyvalent moi 
eties derived by substitution of alkyl, alkenyl, aryl, 
or aralkyl moieties, Wherein G comprises from 1 to 
18 carbon atoms; provided that G is not such that the 
silane Would contain an ot,[3-unsaturated carbonyl 
including a carbon-carbon double bond neXt to the 
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thiocarbonyl group, and provided that, if G is uni 
valent, i.e., if p is 0, G can be hydrogen; 

[0031] in each case, the atom A attached to the 
unsaturated heteroatom E is attached to the sulfur, 
Which in turn is linked via a group G to the silicon 

atom; 

[0032] Q is selected from the group consisting of 
oXygen, sulfur, and (—NR—); 

[0033] each R is independently selected from the 
group consisting of hydrogen; straight, cyclic, or 
branched alkyl that may or may not contain unsat 
uration; alkenyl groups; aryl groups; and aralkyl 
groups, Wherein each R, other than Where R is 
hydrogen, comprises from 1 to 18 carbon atoms; 

[0034] each X is independently selected from the 
group consisting of —Cl, —Br, RO—, 
RC(=O)O—, R2C=NO—, R2NO—, R2N—, —R, 
—(OSiR2)t(OSiR3), and (—O—)O_5 Wherein each R 
is as above and at least one X is not —R; 

[0035] R1, R2, R3, J, and G1 are independently 
selected from the group consisting of hydrocarbon 
fragments obtained by removal of one hydrogen 
atom from a hydrocarbon having from 1 to 20 carbon 
atoms including aryl groups and any branched or 
straight chain alkyl, alkenyl, arenyl, or aralkyl 
groups; 

[0036] each X1 is a hydrolyZable moiety indepen 
dently selected from the group consisting of —Cl, 
—Br, —OH, —ORl, R1c(=o)o_, 
—O—N=CR12, and (—O—)0_5; 

[0037] each X2 and X3 is independently selected from 
the group consisting of hydrogen, the members listed 
above for R1, and the members listed above for X1; 

[0038] at least one occurrence of X1, X2, and X3 is 
(—O—)05; 

[0039] Y1 is a moiety selected from hydrolyZable 
groups consisting of —Cl, —Br, —OH, —OR, 
R2C(=O)O—, —O—N=CR22, and (—O—)05; 

[0040] Y2 and Y3 are independently selected from the 
group consisting of hydrogen, the members listed 
above for R2, and the members listed above for Y1; 
and 

[0041] at least one occurrence of Y1, Y2, and Y3 is 
(—O—)0.5~ 

[0042] Z1 is selected from the hydrolyZable groups con 
sisting of —Cl, —Br, —OH, —OR3, R3C(=O)O—, 
—O—N=CR32, and (—O—)O_5; 

[0043] Z2 and Z3 are independently selected from the 
group consisting of hydrogen, the members listed 
above for R3, and the members listed above for Z1; 

[0044] at least one occurrence of Z1, Z2, and Z3 in 
Formula 7 is (—O—)0_5; 

[0045] CGH9 in Formula 8 represents any cycloheX 
ane fragment obtainable by removal of three hydro 
gen atoms from a cycloheXane molecule; 
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[0046] N3C3O3 in Formula 9 represents N,N‘,N“ 
trisubstituted cyanurate; 

[0047] a is 0 to 7; 

[0048] b is 1 to 3; 

[0049] c is 1 to 6; 

[0050] d is 1 to r; 

[0051] j is 0 or 1, but it may be 0 if, and only if, p is 
1; 

[0052] k is 1 to 2; 

[0053] p is 0 to 5; 

[0054] q is 0 to 6; 

[0055] r is 1 to 3; 

[0056] s is 1 to 3; 

[0057] t is 0 to 5; 

[0058] X is 2 to 20; 

[0059] Z is 0 to 2; 

[0060] provided that: 

[0061] (a) if A is carbon, sulfur, or sulfonyl, then 

[0062] a+b is 2, and 

[0063] (ii) k is 1; 

[0064] (b) if A is phosphorus, then a+b is 3 unless 
both 

[0065] c is greater than 1, and 

[0066] (ii) b is 1, 

[0067] in Which case a is c+1; and 

[0068] c) if A is phosphorus, then k is 2. 

[0069] In another aspect, the present invention is directed 
to a composition comprising at least one organic polymer, at 
least one inorganic ?ller, and at least one blocked mercap 
tosilane condensate comprising at least one component 
Whose chemical structure is represented by Formula 1: 

[0071] m, y, u, v, and W are independently any integer 
from Zero to 10,000; 

[0072] l is any integer from 1 to 10,000; 

[0073] W1 is a hydrolyZable blocked mercaptosilane 
fragment derived from a hydrolyZable blocked mer 
captosilane by replacement of at least one hydrolyZ 
able group With one end of a siloxane oxygen 
(—O—) group that is represented by either Formula 
2 or Formula 3: 

ment derived from a hydrolyZable mercaptosilane by 
replacement of at least one hydrolyZable group With 
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one end of a siloxane oxygen (—O—) group that is 
represented by Formula 4: 

[0075] W3 is a hydrolyZable polysul?de silane frag 
ment derived from a polysul?de silane by replace 
ment of at least one hydrolyZable group With one end 
of a siloxane oxygen (—O—) group that is repre 
sented by Formula 5: 

[0076] W4 is a hydrolyZable alkyl silane fragment 
derived from a hydrolyZable alkyl silane by replace 
ment of at least one hydrolyZable group With one end 
of a siloxane oxygen (—O—) group that can be 
represented by Formula 6: 

[0077] W5 is a hydrolyZable bis silyl alkane fragment 
derived from a hydrolyZable bis silyl alkane by 
replacement of at least one hydrolyZable group With 
one end of a siloxane oxygen (—O—) group that is 
represented by Formula 7: 

[0078] W6 is a hydrolyZable tris silyl alkane frag 
ment derived from a hydrolyZable tris silyl alkane by 
replacement of at least one hydrolyZable group With 
one end of a siloxane oxygen (—O—) group that is 
represented by either Formula 8 or Formula 9: 

[0079] Wherein, in the preceding Formulae 2 through 9: 

[0080] Y is a polyvalent species (Q)ZA(=E); 

[0081] A is selected from the group consisting of 
carbon, sulfur, phosphorus, and sulfonyl; 

[0082] E is selected from the group consisting of 
oxygen, sulfur, and NR; 

[0083] each G is independently selected from the 
group consisting of monovalent and polyvalent moi 
eties derived by substitution of alkyl, alkenyl, aryl, 
or aralkyl moieties, Wherein G comprises from 1 to 
18 carbon atoms; provided that G is not such that the 
silane Would contain an ol,[3-unsaturated carbonyl 
including a carbon-carbon double bond next to the 
thiocarbonyl group, and provided that, if G is uni 
valent, i.e., if p is 0, G can be hydrogen; 

[0084] in each case, the atom A attached to the 
unsaturated heteroatom E is attached to the sulfur, 
Which in turn is linked via a group G to the silicon 

atom; 

[0085] Q is selected from the group consisting of 
oxygen, sulfur, and (—NR—); 

[0086] each R is independently selected from the 
group consisting of hydrogen; straight, cyclic, or 
branched alkyl that may or may not contain unsat 
uration; alkenyl groups; aryl groups; and aralkyl 
groups, Wherein each R, other than Where R is 
hydrogen, comprises from 1 to 18 carbon atoms; 
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[0087] each X is independently selected from the 
group consisting of —Cl, —Br, RO—, 
RC(=O)O—, R2C=NO—, R2NO—, R2N—, —R, 
—(OSiR2)t(OSiR3), and (—O—)O_5 Wherein each R 
is as above and at least one X is not —R; 

[0088] R1, R2, R3, J, and G1 are independently 
selected from the group consisting of hydrocarbon 
fragments obtained by removal of one hydrogen 
atom from a hydrocarbon having from 1 to 20 carbon 
atoms including aryl groups and any branched or 
straight chain alkyl, alkenyl, arenyl, or aralkyl 
groups; 

[0089] each X1 is a hydrolyZable moiety indepen 
dently selected from the group consisting of —Cl, 
—Br, —OH, —ORl, R1c(=o)o_, 
—O—N=CR12, and (—O—)0_5; 

[0090] each X2 and X3 is independently selected from 
the group consisting of hydrogen, the members listed 
above for R1, and the members listed above for X1; 

[0091] at least one occurrence of X1, X2, and X3 is 
(—O—)05; 

[0092] Y1 is a moiety selected from hydrolyZable 
groups consisting of —Cl, —Br, —OH, —OR, 
R2C(=O)O—, —O—N=CR22, and (—O—)0_5; 

[0093] Y2 and Y3 are independently selected from the 
group consisting of hydrogen, the members listed 
above for R2, and the members listed above for Y1; 
and 

[0094] at least one occurrence of Y1, Y2, and Y3 is 
(—O—)0.5~ 

[0095] Z1 is selected from the hydrolyZable groups con 
sisting of —Cl, —Br, —OH, —OR3, R3C(=O)O—, 
—O—N=CR32, and (—O—)O_5; 

[0096] Z2 and Z3 are independently selected from the 
group consisting of hydrogen, the members listed 
above for R3, and the members listed above for Z1; 

[0097] at least one occurrence of Z1, Z2, and Z3 in 
Formula 7 is (—O—)0_5; 

[0098] CGH9 in Formula 8 represents any cycloheX 
ane fragment obtainable by removal of three hydro 
gen atoms from a cycloheXane molecule; 

[0099] N3C3O3 in Formula 9 represents N,N‘,N“ 
trisubstituted cyanurate; 

[0100] a is 0 to 7; 

[0101] b is 1 to 3; 

[0102] c is 1 to 6; 

[0103] d is 1 to r; 

[0104] j is 0 or 1, but it may be 0 if, and only if, p is 
1; 

[0105] k is 1 to 2; 

[0106] p is 0 to 5; 

[0107] q is 0 to 6; 

[0108] r is 1 to 3; 
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[0109] s is 1 to 3; 

[0110] t is 0 to 5; 

[0111] X is 2 to 20; 

[0112] Z is 0 to 2; 

[0113] provided that: 

[0114] (a) if A is carbon, sulfur, or sulfonyl, then 

[0115] a+b is 2, and 

[0116] (ii) k is 1; 

[0117] (b) if A is phosphorus, then a+b is 3 unless 
both 

[0118] c is greater than 1, and 

[0119] (ii) b is 1, 

[0120] 
[0121] 

[0122] In still another aspect, the present invention is 
directed to an article of manufacture comprising the com 
position described in the previous paragraph. 

in Which case a is c+1; and 

c) if A is phosphorus, then k is 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Silane Structures 

[0123] The blocked mercaptosilane condensates described 
herein comprise at least one component Whose chemical 
structure can be represented by Formula 1. 

[0124] In Formula 1, m, y, u, v, and W are independently 
any integer from Zero to 10,000; I is any integer from 1 to 
10,000. Preferably, l+m+y+u+v+W is equal to at least 2. 

[0125] W1, W2, W3, W4, W5, and W6 (the “W groups”) 
represent the building blocks of the blocked mercaptosilane 
condensates described herein. 

[0126] 
[0127] W1 is a hydrolyZable blocked mercaptosilane 

fragment derived from a hydrolyZable blocked mer 
captosilane by replacement of at least one hydrolyZ 
able group With one end of a siloXane oxygen 
(—O—) group that can be represented by either 
Formula 2 or Formula 3: 

Formula 1 

In Formula 1: 

[0128] W2 is a hydrolyZable mercaptosilane frag 
ment derived from a hydrolyZable mercaptosilane by 
replacement of at least one hydrolyZable group With 
one end of a siloXane oXygen (—O—) group that can 
be represented by Formula 4: 

{I(ROC(:O)-)p(G-)j]kY—5-}I7<1G(-5H)d(—5iX3)S 
[0129] W3 is a hydrolyZable polysul?de silane frag 

ment derived from a polysul?de silane by replace 
ment of at least one hydrolyZable group With one end 
of a siloXane oXygen (—O—) group that can be 
represented by Formula 5: 

Formula 4: 
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[0130] W4 is a hydrolyZable alkyl silane fragment 
derived from a hydrolyZable alkyl silane by replace 
ment of at least one hydrolyZable group With one end 
of a siloXane oxygen (—O—) group that can be 
represented by Formula 6: 

Y1Y2Y3Si—R2 Formula 6: 

[0131] W5 is a hydrolyZable bis silyl alkane fragment 
derived from a hydrolyZable bis silyl alkane by 
replacement of at least one hydrolyZable group With 
one end of a siloXane oXygen (—O—) group that can 
be represented by Formula 7: 

Z1Z2Z3Si-J-SiZ1Z2Z3 Formula 7; 

[0132] W6 is a hydrolyZable tris silyl alkane frag 
ment derived from a hydrolyZable tris silyl alkane by 
replacement of at least one hydrolyZable group With 
one end of a siloXane oXygen (—O—) group that can 
be represented by either Formula 8 or Formula 9: 

(Z1Z2Z3Si—CH2CH2—)3C6H9 Formula 8; 

(Z1Z2Z3Si—CH2CH2CH2—)3N3C3O3 Formula 9: 

[0133] In the preceding Formulae 2 through 9: 

[0134] Y is a polyvalent species (Q)ZA(=E), prefer 
ably selected from the group consisting of 
—C(=NR)—; —SC(=NR)—; —SC(=O)—' 

[0135] A is selected from the group consisting of 
carbon, sulfur, phosphorus, and sulfonyl; 

[0136] E is selected from the group consisting of 
oXygen, sulfur, and NR; 

[0137] each G is independently selected from the 
group consisting of monovalent and polyvalent moi 
eties derived by substitution of alkyl, alkenyl, aryl, 
or aralkyl moieties, Wherein G comprises from 1 to 
18 carbon atoms; provided that G is not such that the 
silane Would contain an ot,[3-unsaturated carbonyl 
including a carbon-carbon double bond neXt to the 
thiocarbonyl group, and provided that, if G is uni 
valent (i.e., if p is 0), G can be hydrogen; 

[0138] in each case, the atom (A) attached to the 
unsaturated heteroatom is attached to the sulfur, 
Which in turn is linked via a group G to the silicon 

atom; 

[0139] Q is selected from the group consisting of 
oXygen, sulfur, and (—NR—); 

[0140] each R is independently selected from the 
group consisting of hydrogen; straight, cyclic, or 
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branched alkyl that may or may not contain unsat 
uration; alkenyl groups; aryl groups; and aralkyl 
groups, Wherein each R, other than hydrogen, com 
prises from 1 to 18 carbon atoms; 

[0141] each X is independently selected from the 
group consisting of —Cl, —Br, RO—, 
RC(=O)O—, R2C=NO—, R2NO—, R2N—, —R, 
—(OSiR2)t(OSiR3), and (—O—)O_5 Wherein each R 
is as above and at least one X is not —R; 

[0142] R1, R2, R3, J, and G1 are independently 
selected from the group consisting of hydrocarbon 
fragments obtained by removal of one hydrogen 
atom from a hydrocarbon having from 1 to 20 carbon 
atoms including aryl groups and any branched or 
straight chain alkyl, alkenyl, arenyl, or aralkyl 
groups; 

[0143] each X1 is a hydrolyZable moiety indepen 
dently selected from the group consisting of —Cl, 
—Br, —OH, —ORl, R1C(=O)O—, 
—O—N=CR12> and (—O—)05; 

[0144] each X2 and X3 is independently selected from 
the group consisting of hydrogen, the members listed 
above for R1, and the members listed above for X1; 

[0145] at least one occurrence of X1, X2, and X3 is 
(—O—)05; 

[0146] Y1 is a moiety selected from hydrolyZable 
groups consisting of —Cl, —Br, —OH, —OR, 
R2C(=O)O—, —O—N=CR22, and (—O—)O5; 

[0147] Y2 and Y3 are independently selected from the 
group consisting of hydrogen, the members listed 
above for R2, and the members listed above for Y1; 
and 

[0148] at least one occurrence of Y1, Y2, and Y3 is 
(—O—)0.5~ 

[0149] Z1 is selected from the hydrolyZable groups 
consisting of —Cl, —Br, —OH, —OR3, 
R3C(=O)O—, —O—N=CR32, and (—O—)05; 

[0150] Z2 and Z3 are independently selected from the 
group consisting of hydrogen, the members listed 
above for R3, and the members listed above for Z1; 

[0151] at least one occurrence of Z1, Z2, and Z3 in 
Formula 7 is (—O—)0_5; 

[0152] CGH9 in Formula 8 represents any cycloheX 
ane fragment obtainable by removal of three hydro 
gen atoms from a cycloheXane molecule; 

[0153] N3C3O3 in Formula 9 represents N,N‘,N“ 
trisubstituted cyanurate. 

[0154] a is 0 to 7; 

[0155] b is 1 to 3; 

[0156] c is 1 to 6, preferably 1 to 4; 

[0157] d is 1 to r; 

[0158] j is 1 or 1, but it may be 0 if, and only if, p is 
1; 

[0159] k is 1 to 2; 
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[0160] p is 0 to 5; 

[0161] q is 0 to 6; 

[0162] r is 1 to 3; 

[0163] s is 1 to 3; 

[0164] t is 0 to 5; 

[0165] X is 2 to 20; 

[0166] Z is 0 to 2; 

[0167] provided that: 

[0168] (a) if A is carbon, sulfur, or sulfonyl, then 

[0169] a+b is 2, and 

[0170] (ii) k is 1; 

[0171] (b) if A is phosphorus, then a+b is 3 unless 
both 

[0172] c is greater than 1, and 

[0173] (ii) b is 1, 

[0174] 
[0175] 

[0176] As used herein, the notation, (—O—)O_5, refers to 
one half of a siloxane bond. It is used in conjunction With a 
silicon atom and is taken to mean one half of an oxygen 
atom, namely, the half bound to the particular silicon atom. 
It is understood that the other half of the oxygen atom and 
its bond to silicon occurs someWhere else in the overall 
molecular structure being described. Thus, the (—O—)O_5 
siloxane groups serve as the “glue” that holds the six W 
components of Formula 1 together. Thus, each of the l+m+ 
y+u+v+W W components of Formula 1 needs to have at least 
one (—O—)O_5 group, shared With a silicon of another W 
group, for it to be a part of the overall structure, but each of 
these components is also free to have additional (—O—)O_5 
groups, up to the total number of hydrolyZable groups 
present. Moreover, the additional (—O—)O_5 groups can 
each be, independently of the rest, bridged to another W 
group, or internal. An internal (—O—)O_5 group is one that 
Would bridge silicon atoms Within a single W group, and 
could occur Within a single W group if it contained more 
than one silicon atom. 

in Which case a is c+1; and 

c) if A is phosphorus, then k is 2. 

[0177] Representative examples of the functional groups 
(—YS—) present in the hydrolyZable blocked mercaptosi 
lane silane fragments of the present invention include thio 
carboxylate ester, —C(=O)—S—; dithiocarboxylate, 
—C(=S)—S—; thiocarbonate ester, —O—C(=O)—S—; 
dithiocarbonate ester, —S—C(=O)—S— and 
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[0178] Preferred hydrolyZable blocked mercaptosilane 
silane fragments of the present invention are those Wherein 
the Y groups are —C(=NR)—; —SC(=NR)—; 
—$C(=O)—; —OC(=O)—; —$(=O)—; —$(=O)2—; 

—$$(=O)—; 

[0179] Another preferred hydrolyZable blocked mercap 
tosilane silane fragment Would be one Wherein Y is 
RC(=O)— in Which R has a primary carbon attached to the 
carbonyl and is a C2-C12 alkyl, more preferably a C6-C8 
alkyl. 

[0180] Another preferred structure is of the form 
X3SiGSC(=O)GC(=O)SGSiX3 Wherein G is a divalent 
hydrocarbon. 

[0181] Examples of G include —(CH2)n— Wherein n is 1 
to 12, diethylene cyclohexane, 1,2,4-triethylene cyclohex 
ane, and diethylene benZene. It is preferred that the sum of 
the carbon atoms Within the G groups Within the molecule 
are from 3 to 18, more preferably 6 to 14. This amount of 
carbon in the blocked mercaptosilane facilitates the disper 
sion of the inorganic ?ller into the organic polymers, thereby 
improving the balance of properties in the cured ?lled 
elastomer. 

[0182] Preferable R groups are hydrogen, C6 to C10 aryl, 
and C1 to C6 alkyl. 

[0183] Speci?c examples of X are methoxy, ethoxy, pro 
poxy, isopropoxy, isobutoxy, acetoxy, and oximato. Meth 
oxy, ethoxy, and acetoxy are preferred. At least one X must 
be reactive, i.e., hydrolyZable and at least one occurrence of 
X must be (—O—)O_5, i.e., part of a siloxane bond. 

[0184] In preferred embodiments, p is 0 to 2; X is RO— 
or RC(=O)O—; R is hydrogen, phenyl, isopropyl, cyclo 
hexyl, or isobutyl; and G is a substituted phenyl or substi 
tuted straight chain C2 to C12 alkyl. The most preferred 
embodiments include those Wherein p is Zero, X is ethoxy, 
and G is a C3-C12 alkyl derivative. 

[0185] Representative examples of the hydrolyZable 
blocked mercaptosilane silane fragments of the present 
invention include those Whose parent silanes are 2-triethox 
ysilyl-1-ethyl thioacetate; 2-trimethoxysilyl-1-ethyl thioac 
etate; 2-(methyldimethoxysilyl)-1-ethyl thioacetate; 3-tri 
methoxysilyl-l-propyl thioacetate; triethoxysilylmethyl 
thioacetate; trimethoxysilylmethyl thioacetate; triisopro 
poxysilylmethyl thioacetate; methyldiethoxysilylmethyl 
thioacetate; methyldimethoxysilylmethyl thioacetate; meth 
yldiisopropoxysilylmethyl thioacetate; dimethylethoxysilyl 
methyl thioacetate; dimethylmethoxysilylmethyl thioac 
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—CH2CH:C(CH3)2CH2CH2CH2C(CH3)2—, and 
—CH2CH=C(CH3)2CH2CH2CH{CH(CH3)2}. The pre 
ferred structures for G are —CH2—, —CH2CH2—, 
—CH2CH2CH2—, CH2CH(CH3)CH2—, and any of the 
diradicals obtained by 2,4 or 2,5 disubstitution of the nor 
bornane-derived structures listed above. —CH2CH2CH2— 
is most preferred. 

[0190] Representative examples of R2 include methyl, 
vinyl, ethyl, propyl, allyl, butyl, methallyl, pentyl, hexyl, 
phenyl, tolyl, benZyl, octyl, xylyl, mesityl, decyl, dodecyl, 
hexadecyl, octadecyl, and the like. Methyl, vinyl, propyl, 
phenyl, octyl, and octadecyl are preferred. 

[0191] Representative examples of J include the terminal 
straight-chain alkyls further substituted terminally at the 
other end, such as —CH2CH2—, —CH2CH2CH2—, and 
—CH2CH2CH2CH2CH2CH2CH2CH2—; 
—CH2CH2C(CH3)2CH2—; the divinylbenZene derivative, 
—CH2CH2(C6H4)CH2CH2—, Wherein the notation C6H4 
denotes a disubstituted benZene ring; the butadiene deriva 
tive, —CH2CH2CH2CH2—; the isoprene derivative, 
—CH2CH(CH3)CH2CH2—; any of the isomers of 
—CH2CH2-norbornyl-, and —CH2CH2-cyclohexyl-; any of 
the monovinyl-containing structures derivable from trivinyl 
cyclohexane, including the isomers of 
—CH2CH2(vinylC6H9)CH2CH2—, Where the notation 
C6H9 denotes any isomer of the trisubstituted cyclohexane 
ring; and any of the monounsaturated structures derivable 
from myrcene, such as —CH2CH[CH2CH2CH=C(CH3)2] 
CH2CH2— and —CH2CH2CH[CH2CH2CH=C(CH3)2] 
CH2—. The preferred structures for J are —CH2CH2—, 
—CH2(CH2)pCH2— (in Which p is an even integer of from 
2 to 18), and any of the diradicals obtained by 2,4 or 2,5 
disubstitution of the norbornane-derived structures listed 
above. —CH2CH2— is most preferred. 
[0192] As used herein, the term “alkyl” includes straight, 
branched, and cyclic alkyl groups; the term “alkenyl” 
includes any straight, branched, or cyclic alkenyl group 
containing one or more carbon-carbon double bonds, Where 
the point of substitution can be either at a carbon-carbon 
double bond or elseWhere in the group; and the term 
“alkynyl” includes any straight, branched, or cyclic alkynyl 
group containing one or more carbon-carbon triple bonds 
and, optionally, also one or more carbon-carbon double 
bonds as Well, Where the point of substitution can be either 
at a carbon-carbon triple bond, a carbon-carbon double 
bond, or elseWhere in the group. 

[0193] Speci?c examples of alkyls include methyl, ethyl, 
propyl, isobutyl, and the like. Speci?c examples of alkenyls 
include vinyl, propenyl, allyl, methallyl, ethylidenyl norbor 
nane, ethylidene norbornyl, ethylidenyl norbornene, eth 
ylidene norbornenyl, and the like. Speci?c examples of 
alkynyls include acetylenyl, propargyl, methylacetylenyl, 
and the like. 

[0194] As used herein, the term “aryl” includes any aro 
matic hydrocarbon from Which one hydrogen atom has been 
removed; the term “aralkyl” includes any of the aforemen 
tioned alkyl groups in Which one or more hydrogen atoms 
has been substituted by the same number of like and/or 
different aryl (as de?ned herein) substituents; and the term 
“arenyl” includes any of the aforementioned aryl groups in 
Which one or more hydrogen atoms have been substituted by 
the same number of like and/or different alkyl (as de?ned 
herein) substituents. 
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[0195] Speci?c examples of aryls include phenyl, naph 
thalenyl, and the like. Speci?c examples of aralkyls include 
benZyl, phenethyl, and the like. Speci?c examples of arenyls 
include tolyl, xylyl, and the like. 

[0196] As used herein, the terms “cyclic alkyl”, “cyclic 
alkenyl”, and “cyclic alkynyl” also include bicyclic, tricy 
clic, and higher cyclic structures, as Well as the aforemen 
tioned cyclic structures further substituted With alkyl, alk 
enyl, and/or alkynyl groups. Representive examples include 
norbornyl, norbornenyl, ethylnorbornyl, ethylnorbornenyl, 
ethylcyclohexyl, ethylcyclohexenyl, cyclohexylcyclohexyl, 
cyclododecatrienyl, and the like. 

Preparation of Silanes 
[0197] The blocked mercaptosilane condensates described 
herein are most easily prepared by hydrolysis and conden 
sation of blocked mercaptosilanes in the presence of the 
other hydrolyZable silane types described above. Water can 
be added as such, or prepared by an appropriate in situ 
technique. Acid or base catalysts can be added to increase 
the rate of product formation. 

[0198] The blocked mercaptosilane condensates can be 
prepared in a single hydrolysis/condensation step or in 
several such steps carried out in any combination sequen 
tially and/or in parallel. Thus, a single step method Would 
involve the addition of Water to a blend of the hydrolyZable 
silanes desired in the ?nal product. Alternatively, interme 
diate compositions could be prepared by the stepWise addi 
tion of Water to separate individual blends of hydrolyZable 
silanes, optionally also containing previously prepared 
hydrolyZates and/or condensates. The intermediate compo 
sitions could then be used in subsequent hydrolysis/conden 
sation steps until the ?nal desired composition is obtained. 

[0199] An example of an in situ technique for the genera 
tion of Water involves the reaction of formic acid With an 
alkoxysilane. In this method, a formate ester and Water are 
produced. The Water then reacts further to hydrolyZe and 
condense the hydrolyZable silanes, forming the siloxane 
bonds. 

[0200] The blocked mercaptosilane condensates can also 
be prepared directly from condensates of silanes that repre 
sent appropriate starting materials for the blocked mercap 
tosilanes, using analogous techniques that are useful for the 
preparation of the blocked mercaptosilanes. Thus, the prepa 
rations employed for the syntheses of the blocked mercap 
tosilanes Would be used, but With the substitution of con 
densates of the hydrolyZable silane starting materials for the 
silane starting materials used in the original syntheses of the 
blocked mercaptosilanes. These synthetic techniques are 
described extensively and in detail in US. Application Ser. 
No. 09/284,841 ?led Apr. 21, 1999. 

[0201] Speci?cally, the methods of preparation for 
blocked mercaptosilanes can involve esteri?cation of sulfur 
in a sulfur-containing silane and direct incorporation of the 
thioester group in a silane, either by substitution of an 
appropriate leaving group or by addition across a carbon 
carbon double bond. Illustrative examples of synthetic pro 
cedures for the preparation of thioester silanes Would 
include: 

[0202] Reaction 1) the reaction betWeen a mercaptosilane 
and an acid anhydride corresponding to the thioester group 
present in the desired product; 
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[0203] Reaction 2) reaction of an alkali metal salt of a 
mercaptosilane With the appropriate acid anhydride or acid 
halide; 
[0204] Reaction 3) the transesteri?cation betWeen a mer 
captosilane and an ester, optionally using any appropriate 
catalyst such as an acid, base, tin compound, titanium 
compound, transition metal salt, or a salt of the acid corre 
sponding to the ester; 

[0205] Reaction 4) the transesteri?cation betWeen a 
thioester silane and another ester, optionally using any 
appropriate catalyst such as an acid, base, tin compound, 
titanium compound, transition metal salt, or a salt of the acid 
corresponding to the ester; 

[0206] Reaction 5) the transesteri?cation betWeen a 1-sila 
2-thiacyclopentane or a 1-sila-2-thiacyclohexane and an 
ester, optionally using any appropriate catalyst such as an 
acid, base, tin compound, titanium compound, transition 
metal salt, or a salt of the acid corresponding to the ester; 

[0207] Reaction 6) the free radical addition of a thioacid 
across a carbon-carbon double bond of an alkene-functional 

silane, catalyZed by UV light, heat, or the appropriate free 
radical initiator Wherein, if the thioacid is a thiocarboxylic 
acid, the tWo reagents are brought into contact With each 
other in such a Way as to ensure that Whichever reagent is 
added to the other is reacted substantially before the addition 
proceeds; and Reaction 7) the reaction betWeen an alkali 
metal salt of a thioacid With a haloalkylsilane. 

[0208] Acid halides include but are not limited to, in 
addition to organic acid halides, inorganic acid halides such 
as POT3, SOT2, SOZTZ, COT2, CST2, PST3 and PT3, 
Wherein T is a halide. Acid anhydrides include but are not 
limited to, in addition to organic acid anhydrides (and their 
sulfur analogs), inorganic acid anhydrides such as S03, S02, 
P203, P253, H2S2O7, CO2, COS, and CS2. 
[0209] Illustrative examples of synthetic procedures for 
the preparation of thiocarboxylate-functional silanes Would 
include: 

[0210] Reaction 8) the reaction betWeen a mercaptosilane 
and a carboxylic acid anhydride corresponding to the thio 
carboxylate group present in the desired product; 

[0211] Reaction 9) reaction of an alkali metal salt of a 
mercaptosilane With the appropriate carboxylic acid anhy 
dride or acid halide; 

[0212] Reaction 10) the transesteri?cation betWeen a mer 
captosilane and a carboxylate ester, optionally using any 
appropriate catalyst such as an acid, base, tin compound, 
titanium compound, transition metal salt, or a salt of the acid 
corresponding to the carboxylate ester; 

[0213] Reaction 11) the transesteri?cation betWeen a thio 
carboxylate-functional silane and another ester, optionally 
using any appropriate catalyst such as an acid, base, tin 
compound, titanium compound, transition metal salt, or a 
salt of the acid corresponding to the other ester; 

[0214] Reaction 12) the transesteri?cation betWeen a 
1-sila-2-thiacyclopentane or a 1-sila-2-thiacyclohexane and 
a carboxylate ester, optionally using any appropriate catalyst 
such as an acid, base, tin compound, titanium compound, 
transition metal salt, or a salt of the acid corresponding to the 
carboxylate ester; 
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[0215] Reaction 13) the free radical addition of a thiocar 
boxylic acid across a carbon-carbon double bond of an 
alkene-functional silane, catalyZed by UV light, heat, or the 
appropriate free radical initiator; and 
[0216] Reaction 14) the reaction betWeen an alkali metal 
salt of a thiocarboxylic acid With a haloalkylsilane. 

[0217] Reactions 1 and 8 can be carried out by distilling a 
mixture of the mercaptosilane and the acid anhydride and, 
optionally, a solvent. Appropriate boiling temperatures of 
the mixture are in the range of 50° to 250° C., preferably 60° 
to 200° C., more preferably 70° to 170° C. This process 
leads to a chemical reaction in Which the mercapto group of 
the mercaptosilane is esteri?ed to the thioester silane analog 
With release of an equivalent of the corresponding acid. The 
acid typically is more volatile than the acid anhydride. The 
reaction is driven by the removal of the more volatile acid 
by distillation. For the more volatile acid anhydrides, such as 
acetic anhydride, the distillation preferably is carried out at 
atmospheric pressure to reach temperatures sufficient to 
drive the reaction toWard completion. For less volatile 
materials, solvents, such as toluene, xylene, glyme, and 
diglyme, could be used With the process to limit tempera 
ture. Alternatively, the process could be run under reduced 
pressure. It Would be useful to use up to a tWofold excess or 
more of the acid anhydride, Which Would be distilled out of 
the mixture after all of the more volatile reaction co 
products, comprising acids and nonsilane esters, have been 
distilled out. This excess of acid anhydride Would serve to 
drive the reaction to completion, as Well as to help drive the 
co-products out of the reaction mixture. At the completion of 
the reaction, distillation should be continued to drive out the 
remaining acid anhydride. Optionally, the product could be 
distilled. 

[0218] Reactions 2 and 9 can be carried out in tWo steps. 

[0219] The ?rst step Would involve conversion of the 
mercaptosilane to a corresponding metal derivative. Alkali 
metal derivatives, especially sodium, but also potassium and 
lithium, are preferable. The alkali metal derivative Would be 
prepared by adding the alkali metal or a strong base derived 
from the alkali metal to the mercaptosilane. The reaction 
Would occur at ambient temperature. Appropriate bases 
Would include alkali metal alkoxides, amides, hydrides, and 
mercaptides. Alkali metal organometallic reagents Would 
also be effective. Grignard reagents Would yield magnesium 
derivatives, Which Would be another alternative. Solvents, 
such as toluene, xylene, benZene, aliphatic hydrocarbons, 
ethers, and alcohols, could be used to prepare the alkali 
metal derivatives. Once the alkali metal derivative is pre 
pared, any alcohol present must be removed. This could be 
done by distillation or evaporation. Alcohols, such as metha 
nol, ethanol, propanol, isopropanol, butanol, isobutanol, and 
t-butanol, may be removed by aZeotropic distillation With 
benZene, toluene, xylene, or aliphatic hydrocarbons. Toluene 
and xylene are preferred; toluene is most preferred. 

[0220] The second step in the overall process Would be to 
add to this solution, With stirring, the acid chloride or acid 
anhydride at temperatures betWeen —20° C. and the boiling 
point of the mixture, preferably at temperatures betWeen 0° 
C. and ambient temperature. The product Would be isolated 
by removing the salt and solvent. It could be puri?ed by 
distillation. 

[0221] Reactions 3 and 10 could be carried out by distill 
ing a mixture of the mercaptosilane and the ester and, 
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optionally, a solvent and/or a catalyst. Appropriate boiling 
temperatures of the mixture Would be above 100° C. This 
process leads to a chemical reaction in Which the mercapto 
group of the mercaptosilane is esteri?ed to the thioester 
silane analog With release of an equivalent of the corre 
sponding alcohol. The reaction is driven by the removal of 
the alcohol by distillation, either as the more volatile spe 
cies, or as an aZeotrope With the ester. For the more volatile 
esters, the distillation is suitably carried out at atmospheric 
pressure to reach temperatures su?icient to drive the reaction 
toWard completion. For less volatile esters, solvents, such as 
toluene, xylene, glyme, and diglyme, could be used With the 
process to limit temperature. Alternatively, the process could 
be run at reduced pressure. It is useful to use up to a tWofold 
excess or more of the ester, Which Would be distilled out of 
the mixture after all of the alcohol co-product has been 
distilled out. This excess ester Would serve to drive the 
reaction to completion as Well as to help drive the co-product 
alcohol out of the reaction mixture. At the completion of the 
reaction, distillation Would be continued to drive out the 
remaining ester. Optionally, the product could be distilled. 

[0222] Reactions 4 and 11 could be carried out by distill 
ing a mixture of the thioester silane and the other ester and, 
optionally, a solvent and/or a catalyst. Appropriate boiling 
temperatures of the mixture Would be above 80° C.; pref 
erably above 100° C. The temperature Would preferably not 
exceed 250° C. This process leads to a chemical reaction in 
Which the thioester group of the thioester silane is transes 
teri?ed to a neW thioester silane With release of an equivalent 
of a neW ester. The neW thioester silane generally Would be 
the least volatile species present. HoWever, the neW ester 
Would be more volatile than the other reactants. The reaction 
Would be driven by the removal of the neW ester by 
distillation. The distillation can be carried out at atmospheric 
pressure to reach temperatures su?icient to drive the reaction 
toWard completion. For systems containing only less volatile 
materials, solvents, such as toluene, xylene, glyme, and 
diglyme, could be used With the process to limit tempera 
ture. Alternatively, the process could be run at reduced 
pressure. It Would be useful to use up to a tWofold excess or 
more of the other ester, Which Would be distilled out of the 
mixture after all of the neW ester co-product has been 
distilled out. This excess other ester Would serve to drive the 
reaction to completion as Well as to help drive the co-product 
other ester out of the reaction mixture. At the completion of 
the reaction, distillation Would be continued to drive out the 
remaining neW ester. Optionally, the product then could be 
distilled. 

[0223] Reactions 5 and 12 could be carried out by heating 
a mixture of the 1-sila-2-thiacyclopentane or the 1-sila-2 
thiacyclohexane and the ester With the catalyst. Optionally, 
the mixture could be heated or re?uxed With a solvent, 
preferably a solvent Whose boiling point matches the desired 
temperature. Optionally, a solvent of higher boiling point 
than the desired reaction temperature can be used at reduced 
pressure, the pressure being adjusted to bring the boiling 
point doWn to the desired reaction temperature. The tem 
perature of the mixture Would be in the range of 80° to 250° 
C.; preferably 100° to 200° C. Solvents, such as toluene, 
xylene, aliphatic hydrocarbons, and diglyme, could be used 
With the process to adjust the temperature. Alternatively, the 
process could be run under re?ux at reduced pressure. The 
most preferred condition is to heat a mixture of the 1-sila 
2-thiacyclopentane or the 1-sila-2-thiacyclohexane and the 
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ester Without solvent, preferably under an inert atmosphere, 
for a period of 20 to 100 hours at a temperature of 120° to 
170° C. using the sodium, potassium, or lithium salt of the 
acid corresponding to the ester as a catalyst. The process 
leads to a chemical reaction in Which the sulfur-silicon bond 
of the 1-sila-2-thiacyclopentane or the 1-sila-2-thiacyclo 
hexane is transesteri?ed by addition of the ester across said 
sulfur-silicon bond. The product is the thioester silane 
analog of the original 1-sila-2-thiacyclopentane or the 1-sila 
2-thiacyclohexane. Optionally, up to a tWofold excess or 
more of the ester Would be used to drive the reaction toWard 
completion. At the completion of the reaction, the excess 
ester can be removed by distillation. Optionally, the product 
could be puri?ed by distillation. 

[0224] Reactions 6 and 13 can be carried out by heating or 
re?uxing a mixture of the alkene-functional silane and the 
thioacid. Aspects of Reaction 13 have been disclosed pre 
viously in US. Pat. No. 3,692,812 and by G. A. GornoWicZ 
et al., in J. Org. Chem. (1968), 33(7), 2918-24. The uncata 
lyZed reaction can occur at temperatures as loW as 105° C., 
but often fails. The probability of success increases With 
temperature and becomes high When the temperature 
exceeds 160° C. The reaction may be made reliable and the 
reaction brought largely to completion by using UV radia 
tion or a catalyst. With a catalyst, the reaction can be made 
to occur at temperatures beloW 90° C. Appropriate catalysts 
are free radical initiators, e.g., peroxides, preferably organic 
peroxides, and am compounds. 

[0225] Examples of peroxide initiators include peracids, 
such as perbenZoic and peracetic acids; esters of peracids; 
hydroperoxides, such as t-butyl hydroperoxide; peroxides, 
such as di-t-butyl peroxide; and peroxy-acetals and ketals, 
such as 1,1-bis(t-butylperoxy)cyclohexane; or any other 
peroxide. 

[0226] Examples of am initiators include aZobisisobuty 
ronitrile (AIBN), 1,1-aZobis(cyclohexanecarbonitrile) 
(VAZO, DuPont product), and aZo-tert-butane. The reaction 
can be run by heating a mixture of the alkene-functional 
silane and the thioacid With the catalyst. It is preferred that 
the overall reaction be run on an equimolar or near equimo 
lar basis to get the highest conversions. The reaction is 
su?iciently exothermic that it tends to lead to a rapid 
temperature increase to re?ux folloWed by a vigorous re?ux 
as the reaction initiates and continues rapidly. This vigorous 
reaction can lead to haZardous boil-overs for larger quanti 
ties. Side reactions, contamination, and loss in yield can 
result as Well from uncontrolled reactions. The reaction can 
be controlled effectively by adding partial quantities of one 
reagent to the reaction mixture, initiating the reaction With 
the catalyst, alloWing the reaction to run its course largely to 
completion, and then adding the remains of the reagent, 
either as a single addition or as multiple additives. The initial 
concentrations and rate of addition and number of subse 
quent additions of the de?cient reagent depend on the type 
and amount of catalyst used, the scale of the reaction, the 
nature of the starting materials, and the ability of the 
apparatus to absorb and dissipate heat. A second Way of 
controlling the reaction Would involve the continuous addi 
tion of one reagent to the other With concomitant continuous 
addition of catalyst. Whether continuous or sequential addi 
tion is used, the catalyst can be added alone and/or pre 
blended With one or both reagents or combinations thereof. 
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[0227] TWo methods are preferred for reactions involving 
thiolacetic acid and alkene-functional silanes containing 
terminal carbon-carbon double bonds. The ?rst involves 
initially bringing the alkene-functional silane to a tempera 
ture of 160° to 180° C., or to re?ux, Whichever temperature 
is loWer. The ?rst portion of thiolacetic acid is added at a rate 
so as to maintain up to a vigorous, but controlled, re?ux. For 
alkene-functional silanes With boiling points above 100° to 
120° C., this re?ux results largely from the relatively loW 
boiling point of thiolacetic acid (88° to 92° C., depending on 
purity) relative to the temperature of the alkene-functional 
silane. At the completion of the addition, the re?ux rate 
rapidly subsides. It often accelerates again Within several 
minutes, especially if an alkene-functional silane With a 
boiling point above 120° C. is used, as the reaction initiates. 
If it does not initiate Within 10 to 15 minutes, initiation can 
be brought about by addition of catalyst. The preferred 
catalyst is di-t-butyl peroxide. The appropriate quantity of 
catalyst is from 0.2 to 2 percent, preferably from 0.5 to 1 
percent, of the total mass of mixture to Which the catalyst is 
added. The reaction typically initiates Within a feW minutes 
as evidenced by an increase in re?ux rate. The re?ux 
temperature gradually increases as the reaction proceeds. 
Then, the next portion of thiolacetic acid is added, and the 
aforementioned sequence of steps is repeated. The preferred 
number of thiolacetic additions for total reaction quantities 
of about one to about four kilograms is tWo, With about 
one-third of the total thiolacetic acid used in the ?rst addition 
and the remainder in the second. For total quantities in the 
range of about four to ten kilograms, a total of three 
thiolacetic additions is preferred, the distribution being 
approximately 20 percent of the total used in the ?rst 
addition, approximately 30 percent in the second addition, 
and the remainder in the third addition. For larger scales 
involving thiolacetic acid and alkene-functional silanes, it is 
preferred to use more than a total of three thiolacetic 
additions and more preferably, to add the reagents in the 
reverse order. Initially, the total quantity of thiolacetic acid 
is brought to re?ux. This is folloWed by continuous addition 
of the alkene-functional silane to the thiolacetic acid at such 
a rate as to bring about a smooth but vigorous reaction rate. 
The catalyst, preferably di-t-butylperoxide, can be added in 
small portions during the course of the reaction or as a 
continuous ?oW. It is best to accelerate the rate of catalyst 
addition as the reaction proceeds to completion to obtain the 
highest yields of product for the loWest amount of catalyst 
required. The total quantity of catalyst used should be 0.5 
percent to 2 percent of the total mass of reagents used. 
Whichever method is used, the reaction is folloWed up by a 
vacuum stripping process to remove volatiles and unreacted 
thiolacetic acid and silane. The product may be puri?ed by 
distillation. 

[0228] Methods to run Reactions 7 and 14 can be carried 
out in tWo steps. 

[0229] The ?rst step involves preparation of a salt of the 
thioacid. Alkali metal derivatives are preferred, With the 
sodium derivative being most preferred. These salts Would 
be prepared as solutions in solvents in Which the salt is 
appreciably soluble, but suspension of the salts as solids in 
solvents in Which the salts are only slightly soluble is also a 
viable option. Alcohols, such as propanol, isopropanol, 
butanol, isobutanol, and t-butanol, and preferably methanol 
and ethanol are useful because the alkali metal salts are 
slightly soluble in them. In cases Where the desired product 

Oct. 23, 2003 

is alkoxysilanes, it is preferable to use an alcohol corre 
sponding to the silane alkoxy group to prevent transesteri 
?cation at the silicon ester. Alternatively, nonprotic solvents 
can be used. Examples of appropriate solvents are ethers or 
polyethers, such as glyme, diglyme, and dioxanes; N‘N 
dimethylformamide; N‘N-dimethylacetamide; dimethylsul 
foxide; N-methylpyrrolidinone; or hexamethylphosphora 
mide. 

[0230] Once a solution, suspension, or combination 
thereof of the salt of the thioacid has been prepared, the 
second step is to react it With the appropriate haloalkylsilane. 
This may be accomplished by stirring a mixture of the 
haloalkylsilane With the solution, suspension, or combina 
tion thereof of the salt of the thioacid at temperatures 
corresponding to the liquid range of the solvent for a period 
of time suf?cient to complete substantially the reaction. 
Preferred temperatures are those at Which the salt is appre 
ciably soluble in the solvent and at Which the reaction 
proceeds at an acceptable rate Without excessive side reac 
tions. With reactions starting from chloroalkylsilanes in 
Which the chlorine atom is not allylic or benZylic, preferred 
temperatures are in the range of 60° to 160° C. Reaction 
times can range from one or several hours to several days. 
For alcohol solvents Where the alcohol contains four carbon 
atoms or feWer, the most preferred temperature is at or near 
re?ux. With diglyme used as a solvent, the most preferred 
temperature is in the range of 70° to 120° C., depending 
upon the thioacid salt used. If the haloalkylsilane is a 
bromoalkylsilane or a chloroalkylsilane in Which the chlo 
rine atom is allylic or benZylic, temperature reductions of 
30° to 60° C. are appropriate relative to those appropriate for 
nonbenZylic or nonallylic chloroalkylsilanes because of the 
greater reactivity of the bromo group. Bromoalkylsilanes are 
preferred over chloroalkylsilanes because of their greater 
reactivity, loWer required temperatures, and greater ease in 
?ltration or centrifugation of the co-product alkali metal 
halide. This preference, hoWever, can be overridden by the 
loWer cost of the chloroalkylsilanes, especially for those 
containing the halogen in the allylic or benZylic position. For 
reactions betWeen straight chain chloroalkylethoxysilanes 
and sodium thiocarboxylates to form thiocarboxylate ester 
ethoxysilanes, it is preferred to use ethanol at re?ux for 10 
to 20 hours if 5 percent to 20 percent mercaptosilane is 
acceptable in the product. OtherWise, diglyme Would be an 
excellent choice, in Which the reaction Would be run pref 
erably in the range of 800 to 120° C. for one to three hours. 
Upon completion of the reaction, the salts and solvent 
should be removed, and the product may be distilled to 
achieve higher purity. 

[0231] If the salt of the thioacid to be used in Reactions 7 
and 14 is not commercially available, it may be prepared by 
one of tWo methods, described beloW as Method A and 
Method B. 

[0232] Method A involves adding the alkali metal or a 
base derived from the alkali metal to the thioacid. The 
reaction occurs at ambient temperature. Appropriate bases 
include alkali metal alkoxides, hydrides, carbonate, and 
bicarbonate. Solvents, such as toluene, xylene, benZene, 
aliphatic hydrocarbons, ethers, and alcohols, may be used to 
prepare the alkali metal derivatives. 

[0233] In Method B, acid chlorides or acid anhydrides 
Would be converted directly to the salt of the thioacid by 
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reaction With the alkali metal sul?de or hydrosul?de. 
Hydrated or partially hydrous alkali metal sul?des or hydro 
sul?des are available. However, anhydrous or nearly anhy 
drous alkali metal sul?des or hydrosul?des are preferred. 
Hydrous materials can be used, however, but With loss in 
yield and hydrogen sul?de formation as a co-product. The 
reaction involves addition of the acid chloride or acid 
anhydride to the solution or suspension of the alkali metal 
sul?de and/or hydrosul?de and heating at temperatures 
ranging from ambient to the re?ux temperature of the 
solvent for a period of time sufficiently long to complete the 
reaction, as evidenced by the formation of the co-product 
salts. 

[0234] If the alkali metal salt of the thioacid is prepared in 
such a Way that an alcohol is present, either because it Was 
used as a solvent, or because it formed, as for example, by 
the reaction of a thioacid With an alkali metal alkoxide, it 
may be desirable to remove the alcohol if a product loW in 
mercaptosilane is desired. In this case, it Would be necessary 
to remove the alcohol prior to reaction of the salt of the 
thioacid With the haloalkylsilane. This could be done by 
distillation or evaporation. Alcohols, such as methanol, 
ethanol, propanol, isopropanol, butanol, isobutanol, and 
t-butanol, are preferably removed by aZeotropic distillation 
With benZene, toluene, xylene, or aliphatic hydrocarbons. 
Toluene and xylene are preferred. 

Use of Silanes in Elastomer 

[0235] The blocked mercaptosilane condensates described 
herein are useful as coupling agents in mineral ?lled elas 
tomer compositions as previously described for blocked 
mercaptosilanes. Among the advantages in the use of the 
blocked mercaptosilane condensates over the use of the 
previously described blocked mercaptosilanes are the 
release of less volatile organic compounds (VOC), mainly 
ethanol, during the elastomer compounding process, as Well 
as a loWer coupling agent loading requirement. Details of 
their use are analogous to those of the use of blocked 
mercaptosilanes, previously described in US. Application 
Ser. No. 09/284,841, ?led Apr. 21, 1999; Us. Pat. No. 
6,127,468; and US. Application Ser. No. 09/736,301, ?led 
Dec. 15, 2000. 

[0236] More speci?cally, the blocked mercaptosilane con 
densates described herein are useful as coupling agents for 
organic polymers (e.g., elastomers) and inorganic ?llers. By 
virtue of their use, the high ef?ciency of the mercapto group 
can be utiliZed Without the detrimental side effects typically 
associated With the use of mercaptosilanes, such as high 
processing viscosity, less than desirable ?ller dispersion, 
premature curing (scorch), and odor. These bene?ts are 
accomplished because the mercaptan group initially is non 
reactive because of the blocking group. The blocking group 
substantially prevents the silane from coupling to the 
organic polymer during the compounding of the rubber. 
Generally, only the reaction of the silane —SiX3 group With 
the ?ller can occur at this stage of the compounding process. 
Thus, substantial coupling of the ?ller to the polymer is 
precluded during mixing, thereby minimiZing the undesir 
able premature curing (scorch) and the associated undesir 
able increase in viscosity. One can achieve better cured ?lled 
rubber properties, such as a balance of high modulus and 
abrasion resistance, because of the avoidance of premature 
curing. 
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[0237] In use, one or more of the blocked mercaptosilane 
condensates is mixed With the organic polymer before, 
during, or after the compounding of the ?ller into the organic 
polymer. It is preferred to add the silanes before or during 
the compounding of the ?ller into the organic polymer, 
because these silanes facilitate and improve the dispersion of 
the ?ller. The total amount of silane present in the resulting 
combination should be about 0.05 to about 25 parts by 
Weight per hundred parts by Weight of organic polymer 
(phr); more preferably 1 to 10 phr. Fillers can be used in 
quantities ranging from about 5 to about 100 phr, more 
preferably from 25 to 80 phr. 

[0238] When reaction of the mixture to couple the ?ller to 
the polymer is desired, a deblocking agent is added to the 
mixture to deblock the blocked mercaptosilane condensate. 
The deblocking agent may be added at quantities ranging 
from about 0.1 to about 5 phr; more preferably in the range 
of from 0.5 to 3 phr. The deblocking agent may be a 
nucleophile containing a hydrogen atom suf?ciently labile 
such that hydrogen atom could be transferred to the site of 
the original blocking group to form the mercaptosilane. 
Thus, With a blocking group acceptor molecule, an exchange 
of hydrogen from the nucleophile Would occur With the 
blocking group of the blocked mercaptosilane to form the 
mercaptosilane and the corresponding derivative of the 
nucleophile containing the original blocking group. This 
transfer of the blocking group from the silane to the nucleo 
phile could be driven, for example, by a greater thermody 
namic stability of the products (mercaptosilane and nucleo 
phile containing the blocking group) relative to the initial 
reactants (blocked mercaptosilane and nucleophile). For 
example, carboxyl blocking groups deblocked by amines 
Would yield amides, sulfonyl blocking groups deblocked by 
amines Would yield sulfonamides, sul?nyl blocking groups 
deblocked by amines Would yield sul?namides, phosphonyl 
blocking groups deblocked by amines Would yield phospho 
namides, phosphinyl blocking groups deblocked by amines 
Would yield phosphinamides. What is important is that 
regardless of the blocking group initially present on the 
blocked mercaptosilane and regardless of the deblocking 
agent used, the initially substantially inactive (from the 
standpoint of coupling to the organic polymer) blocked 
mercaptosilane is substantially converted at the desired point 
in the rubber compounding procedure to the active mercap 
tosilane. It is noted that partial amounts of the nucleophile 
may be used (i.e., a stoichiometric de?ciency), or even Weak 
nucleophile, if one Were to only deblock part of the blocked 
mercaptosilane to control the degree of vulcaniZation of a 
speci?c formulation. 

[0239] The deblocking agent could be added in the cura 
tive package or, alternatively, at any other stage in the 
compounding process as a single component. Classes of 
compounds Which Would act as deblocking agents, but not 
normally effective as cure accelerators, alloWing for selec 
tion betWeen the tWo, are oxides, hydroxides, carbonates, 
bicarbonates, alkoxides, phenoxides, sulfanamide salts, 
acetyl acetonates, carbon anions derived from high acidity 
C—N bonds, malonic acid esters, cyclopentadienes, phe 
nols, sulfonamides, nitrites, ?uorenes, tetra-alkyl ammo 
nium salts, and tetra-alkyl phosphonium salts. 

[0240] The rubber composition need not be, but preferably 
is, essentially free of functionaliZed siloxanes, especially 
those of the type disclosed in Australian Patent AU-A 
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10082/97, Which is incorporated herein by reference. Most 
preferably, the rubber composition is free of functionaliZed 
siloxanes. 

[0241] In practice, sulfur vulcanized rubber products typi 
cally are prepared by thermomechanically mixing rubber 
and various ingredients in a sequentially step-Wise manner 
folloWed by shaping and curing the compounded rubber to 
form a vulcaniZed product. First, for the aforesaid mixing of 
the rubber and various ingredients, typically exclusive of 
sulfur and sulfur vulcaniZation accelerators (collectively 
“curing agents”), the rubber(s) and various rubber com 
pounding ingredients typically are blended in at least one, 
and often (in the case of silica ?lled loW rolling resistance 
tires) tWo or more, preparatory thermomechanical mixing 
stage(s) in suitable mixers. Such preparatory mixing is 
referred to as non-productive mixing or non-productive 
mixing steps or stages. Such preparatory mixing usually is 
conducted at temperatures up to 140° C. to 200° C., often in 
the range of from 150° C. to 180° C. Subsequent to such 
preparatory mixing stages, in a ?nal mixing stage, some 
times referred to as a productive mixing stage, deblocking 
agent (in the case of this invention), curing agents, and 
possibly one or more additional ingredients, are mixed With 
the rubber compound or composition, typically at a tem 
perature in a range of 50° C. to 130° C., Which is a loWer 
temperature than the temperatures utiliZed in the preparatory 
mixing stages to prevent or retard premature curing of the 
sulfur curable rubber, Which is sometimes referred to as 
scorching of the rubber composition. The rubber mixture, 
sometimes referred to as a rubber compound or composition, 
typically is alloWed to cool, sometimes after or during a 
process intermediate mill mixing, betWeen the aforesaid 
various mixing steps, for example, to a temperature of about 
50° C. or loWer. When it is desired to mold and to cure the 
rubber, the rubber is placed into the appropriate mold at 
about at least 130° C. and up to about 200° C., Which Will 
cause the vulcaniZation of the rubber by the mercapto groups 
on the mercaptosilane and any other free sulfur sources in 
the rubber mixture. 

[0242] By thermomechanical mixing is meant that the 
rubber compound, or composition of rubber and rubber 
compounding ingredients, is mixed in a rubber mixture 
under high shear conditions Where it autogenously heats up 
as a result of the mixing primarily due to shear and associ 
ated friction Within the rubber mixture in the rubber mixer. 
Several chemical reactions may occur at various steps in the 
mixing and curing processes. 

[0243] The ?rst reaction is a relatively fast reaction and is 
considered herein to take place betWeen the ?ller and the 
SiX3 group of the blocked mercaptosilane. Such reaction 
may occur at a relatively loW temperature, such as, for 
example, at about 120° C. The second and third reactions are 
considered herein to be the deblocking of the mercaptosilane 
and the reaction Which takes place betWeen the sulfuric part 
of the organosilane (after deblocking), and the sulfur vul 
caniZable rubber at a higher temperature; for example, above 
about 140° C. 

[0244] Another sulfur source may be used; for example, in 
the form of elemental sulfur as S8. A sulfur donor is 
considered herein as a sulfur-containing compound that 
makes sulfur available for vulcaniZation at a temperature of 
140° C. to 190° C. Such sulfur donors may be, but are not 
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limited to, for example, polysul?de vulcaniZation accelera 
tors and organosilane polysul?des With at least tWo connect 
ing sulfur atoms in its polysul?de bridge. The amount of free 
sulfur source addition to the mixture can be controlled or 
manipulated as a matter of choice relatively independent of 
the addition of the aforesaid blocked mercaptosilane. Thus, 
for example, the independent addition of a sulfur source may 
be manipulated by the amount of addition thereof and by the 
sequence of addition relative to the addition of other ingre 
dients to the rubber mixture. 

[0245] Addition of an alkyl silane to the coupling agent 
system (blocked mercaptosilane condensate plus additional 
free sulfur source and/or vulcaniZation accelerator) typically 
in a mole ratio of alkyl silane to blocked mercaptosilane 
condenstate in a range of 1/50 to 1/2 promotes an even better 
control of rubber composition processing and aging. 

[0246] Arubber composition is prepared by a process that 
comprises the sequential steps of: 

[0247] (A) thermomechanically mixing, in at least one 
preparatory mixing step, to a temperature of 140° C. to 200° 
C., alternatively to 140° C. to 190 C.°, for a total mixing time 
of 2 to 20, alternatively 4 to 15, minutes for such mixing 
step(s) 

[0248] 100 parts by Weight of at least one sulfur 
vulcaniZable rubber selected from conjugated diene 
homopolymers and copolymers, and copolymers of 
at least one conjugated diene and aromatic vinyl 
compound, 

[0249] (ii) 5 to 100, preferably 25 to 80, phr (parts per 
hundred rubber) of particulate ?ller, Wherein prefer 
ably the ?ller contains 1 to 85 Weight percent carbon 
black, and 

[0250] (iii) 0.05 to 20 parts by Weight ?ller of at least 
one blocked mercaptosilane condensate; 

[0251] (B) subsequently blending thereWith, in a ?nal 
thermomechanical mixing step at a temperature to 50° C. to 
130° C. for a time sufficient to blend the rubber, preferably 
betWeen 1 and 30 minutes, more preferably 1 to 3 minutes, 
at least one deblocking agent at about 0.05 to parts by Weight 
of the ?ller and a curing agent at 0 to 5 phr; and, optionally, 

[0252] (C) curing said mixture at a temperature of 130 to 
200° C. for about 5 to 60 minutes. 

[0253] The process may also comprise the additional steps 
of preparing an assembly of a tire or sulfur vulcaniZable 
rubber With a tread comprised of the rubber composition 
prepared according to this invention and vulcaniZing the 
assembly at a temperature in a range of 130° C. to 200° C. 

[0254] Suitable organic polymers and ?llers are Well 
knoWn in the art and are described in numerous texts, of 
Which tWo examples include The Vanderbilt Rubber Hand 
book; R. F. Ohm, ed.; R. T. Vanderbilt Company, Inc., 
NorWalk, Conn.; 1990 and Manual For The Rubber Indus 
try; T. Kempermann, S. Koch, J. Sumner, eds.; Bayer A. G., 
Leverkusen, Germany; 1993. Representative examples of 
suitable polymers include solution styrene-butadiene rubber 
(sSBR), styrene-butadiene rubber (SBR), natural rubber 
(NR), polybutadiene (BR), ethylene-propylene co- and ter 
polymers (EP, EPDM), and acrylonitrile-butadiene rubber 
(NBR). 



US 2003/0199619 A1 

[0255] The rubber composition is comprised of at least 
one diene-based elastomer, or rubber. Suitable conjugated 
dienes are isoprene and 1,3-butadiene and suitable vinyl 
aromatic compounds are styrene and alpha methyl styrene. 
Thus, the rubber is a sulfur curable rubber. 

[0256] Such diene-based elastomer, or rubber, may be 
selected, for example, from at least one of cis-1,4-polyiso 
prene rubber (natural and/or synthetic), and preferably natu 
ral rubber), emulsion polymeriZation prepared styrene/buta 
diene copolymer rubber, organic solution polymeriZation 
prepared styrene/butadiene rubber, 3,4-polyisoprene rubber, 
isoprene/butadiene rubber, styrene/isoprene/butadiene ter 
polymer rubber, cis-1,4-polybutadiene, medium vinyl 
polybutadiene rubber (35-50 percent vinyl), high vinyl 
polybutadiene rubber (50-75 percent vinyl), styrene/iso 
prene copolymers, emulsion polymeriZation prepared sty 
rene/butadiene/acrylonitrile terpolymer rubber, and butadi 
ene/acrylonitrile copolymer rubber. An emulsion 
polymeriZation derived styrene/butadiene (eSBR) might be 
used having a relatively conventional styrene content of 20 
to 28 percent bound styrene or, for some applications, an 
eSBR having a medium to relatively high bound styrene 
content, namely, a bound styrene content of 30 to 45 percent. 
Emulsion polymeriZation prepared styrene/butadiene/acry 
lonitrile terpolymer rubbers containing 2 to 40 Weight per 
cent bound acrylonitrile in the terpolymer are also contem 
plated as diene-based rubbers for use in this invention. 

[0257] The solution polymeriZation prepared SBR (sSBR) 
typically has a bound styrene content in a range of 5 to 50, 
preferably 9 to 36, percent. Polybutadiene elastomer may he 
conveniently characteriZed, for example, by having at least 
a 90 Weight percent cis-1,4-content. 

[0258] Representative examples of suitable ?ller materials 
include metal oxides, such as silica (pyrogenic and precipi 
tated), titanium dioxide, aluminosilicate and alumina, sili 
ceous materials including clays and talc, and carbon black. 
Particulate, precipitated silica is also sometimes used for 
such purpose, particularly When the silica is used in con 
nection With a silane. In some cases, a combination of silica 
and carbon black is utiliZed for reinforcing ?llers for various 
rubber products, including treads for tires. Alumina can be 
used either alone or in combination With silica. The term 
“alumina” can be described herein as aluminum oxide, or 
A1203. The ?llers may be hydrated or in anhydrous form. 
Use of alumina in rubber compositions can be shoWn, for 
example, in US. Pat. No. 5,116,886 and EP 631 982. 

[0259] The blocked mercaptosilane may be premixed, or 
pre-reacted, With the ?ller particles or added to the rubber 
mix during the rubber and ?ller processing, or mixing stage. 
If the silane and ?ller are added separately to the rubber mix 
during the rubber and ?ller mixing, or processing stage, it is 
considered that the blocked mercaptosilane then combines in 
situ With the ?ller. 

[0260] The vulcaniZed rubber composition should contain 
a suf?cient amount of ?ller to contribute a reasonably high 
modulus and high resistance to tear. The combined Weight of 
the ?ller may be as loW as about 5 to 100 phr, but is more 
preferably from 25 to 85 phr. 

[0261] Precipitated silicas are preferred as the ?ller. The 
silica may be characteriZed by having a BET surface area, as 
measured using nitrogen gas, preferably in the range of 40 
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to 600, and more usually in a range of 50 to 300 m2/g. The 
silica typically may also be characteriZed by having a 
dibutylphthalate (DBP) absorption value in a range of 100 to 
350, and more usually 150 to 300. Further, the silica, as Well 
as the aforesaid alumina and aluminosilicate, may be 
expected to have a CTAB surface area in a range of 100 to 
220. The CTAB surface area is the external surface area as 
evaluated by cetyl trimethylammonium bromide With a pH 
of 9. The method is described in ASTM D 3849. Mercury 
porosity surface area is the speci?c surface area determined 
by mercury porosimetry. For such technique, mercury is 
penetrated into the pores of the sample after a thermal 
treatment to remove volatiles. Set-up conditions may be 
suitably described as using a 100 mg sample; removing 
volatiles during 2 hours at 105° C. and ambient atmospheric 
pressure; ambient to 2000 bars pressure measuring range. 
Such evaluation may be performed according to the method 
described in WinsloW, Shapiro in ASTM bulletin, p.39 
(1959) or according to DIN 66133. For such an evaluation, 
a CARLO-ERBA Porosimeter 2000 might be used. The 
average mercury porosity speci?c surface area for the silica 
should be in a range of 100 to 300 m2/g. 

[0262] A suitable pore siZe distribution for the silica, 
alumina, and aluminosilicate according to such mercury 
porosity evaluation is considered herein to be: ?ve percent 
or less of its pores have a diameter of less than about 10 nm; 
60 to 90 percent of its pores have a diameter of 10 to 100 nm; 
10 to 30 percent of its pores have a diameter at 100 to 1,000 
nm; and 5 to 20 percent of its pores have a diameter of 
greater than about 1,000 nm. 

[0263] The silica might be expected to have an average 
ultimate particle siZe, for example, in the range of 0.01 to 
0.05 pm as determined by the electron microscope, although 
the silica particles may be even smaller, or possibly larger, 
in siZe. Various commercially available silicas may be 
considered for use in this invention, such as, from PPG 
Industries under the HI-SIL trademark With designations 
HI-SIL 210, 243, etc.; silicas available from Rhone-Poulenc, 
With, for example, designation of ZEOSIL 1165MP; silicas 
available from Degussa With, for example, designations 
VN2 and VN3, etc., and silicas commercially available from 
Huber having, for example, a designation of HUBERSIL 
8745. 

[0264] Where it is desired for the rubber composition, 
Which contains both a siliceous ?ller, such as silica, alumina, 
and/or aluminosilicates and also carbon black reinforcing 
pigments, to be primarily reinforced With silica as the 
reinforcing pigment, it is often preferable that the Weight 
ratio of such siliceous ?llers to carbon black be at least 3/1 
and preferably at least 10/1 and, thus, in a range of 3/1 to 
30/ 1. The ?ller may be comprised of 15 to 95 Weight percent 
precipitated silica, alumina, and/or aluminosilicate and, cor 
respondingly, 85 to 5 Weight percent carbon black, Wherein 
the carbon black has a CTAB value in a range of 80 to 150. 
Alternatively, the ?ller can be comprised of 60 to 95 Weight 
percent of said silica, alumina, and/or aluminosilicate and, 
correspondingly, 40 to 5 Weight percent carbon black. The 
siliceous ?ller and carbon black may be pre-blended or 
blended together in the manufacture of the vulcaniZed 
rubber. 

[0265] The rubber composition may be compounded by 
methods knoWn in the rubber compounding art, such as 
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mixing the various sulfur-vulcaniZable constituent rubbers 
With various commonly used additive materials such as, for 
example, curing aids, such as sulfur, activators, retarders, 
and accelerators, processing additives, such as oils, resins 
including tackifying resins, silicas, plasticizers, ?llers, pig 
ments, fatty acid, Zinc oxide, Waxes, antioxidants and antio 
Zonants, peptiZing agents, and reinforcing materials, such as, 
for example, carbon black. Depending on the intended use of 
the sulfur vulcaniZable and sulfur vulcaniZed material (rub 
bers), the additives mentioned above are selected and com 
monly used in conventional amounts. 

[0266] The vulcaniZation may be conducted in the pres 
ence of an additional sulfur vulcaniZing agent. Examples of 
suitable sulfur vulcaniZing agents include, for example, 
elemental sulfur (free sulfur) or sulfur donating vulcaniZing 
agents, for example, an amino disul?de, polymeric polysul 
?de, or sulfur ole?n adducts Which are conventionally added 
in the ?nal, productive, rubber composition mixing step. The 
sulfur vulcaniZing agents (Which are common in the art) are 
used, or added in the productive mixing stage, in an amount 
ranging from 0.4 to 3 phr, or even, in some circumstances, 
up to about 8 phr, With a range of from 1.5 to 2.5 phr, 
sometimes from 2 to 2.5 phr, being preferred. VulcaniZation 
accelerators may be used herein. It is appreciated that they 
may be of the type, such as, for example, benZothiaZole, 
alkyl thiuram disul?de, guanidine derivatives, and thiocar 
bamates. VulcaniZation accelerators may be primary or 
secondary accelerators and individual accelerators may 
function as either primary or secondary accelerators. Rep 
resentative accelerators include, but not limited to, mercapto 
benZothiaZole, tetramethyl thiuram disul?de, benZothiaZole 
disul?de, diphenylguanidine, Zinc dithiocarbamate, alky 
lphenoldisul?de, Zinc butyl xanthate, N-dicyclohexyl-2 
benZothiaZolesulfenamide, N-cyclohexyl-2-benZothiaZole 
sulfenamide, N-oxydiethylenebenZothiaZole-2-sulfenamide, 
N,N-diphenylthiourea, dithiocarbamylsulfenamide, N,N-di 
isopropylbenZothioZole-2-sulfenamide, Zinc-2-mercapto 
toluimidaZole, dithiobis(N-methyl piperaZine), dithiobis(N 
beta-hydroxy ethyl piperaZine), and dithiobis(dibenZyl 
amine). Other additional sulfur donors, may be, for example, 
thiuram and morpholine derivatives. Such donors include, 
but not limited to, dimorpholine disul?de, dimorpholine 
tetrasul?de, tetramethyl thiuram tetrasul?de, benZothiaZyl 
2,N-dithiomorpholide, thioplasts, dipentamethylenethiuram 
hexasul?de, and disul?decaprolactam. 
[0267] Accelerators are used to control the time and/or 
temperature required for vulcaniZation and to improve the 
properties of the vulcaniZate. In one embodiment, a single 
accelerator system may be used, i.e., a primary accelerator. 
Conventionally and preferably, a primary accelerator is used 
in a total amount ranging from 0.5 to 4, preferably 0.8 to 1.5, 
phr. Combinations of a primary and a secondary accelerator 
might be used With the secondary accelerator being used in 
a smaller amount (of 0.05 to 3 phr) in order to activate and 
to improve the properties of the vulcaniZate. Delayed action 
accelerators may be used. VulcaniZation retarders might also 
be used. Suitable types of accelerators are amines, disul 
?des, guanidines, thioureas, thiaZoles, thiurams, sulfena 
mides, dithiocarbamates, and xanthates, but the type may be 
in?uenced if the accelerant is also a deblocker. Examples of 
primary accelerators used in the art include N-cyclohexyl 
2-benZothiaZyl sulfenamide (CBS); N-t-butyl-2-benZothi 
aZyl sulfenamide (TBBS); benZothiaZyl-2-sulphene mor 
pholide (MBS); N-dicyclohexyl-2-benZothiaZyl 
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sulfenamide (DCBS); tetramethylthiuram monosul?de 
(TMTM); tetramethylthiuram disul?de (TMTD); tetrameth 
ylthiuram hexasul?de; N,N-diphenylurea; and morpho 
linethiobenZothiaZole. If a second accelerator is used, the 
secondary accelerator is preferably a guanidine, dithiocar 
bamate, or thiuram compound. Examples of secondary 
accelerators commonly used in the art include diphe 
nylguanidine (DPG); tetramethylthiuram hexasul?de; mer 
captobenZothiaZole (NBT); mercaptobenZothiaZole disul?de 
(MBTS); the Zinc salt of mercaptobenZothiaZole (ZMBT); 
Zinc dibutyldithiocarbamate; Zinc diethyldithiocarbamate; 
Zinc dimethyldithiocarbamate; Zinc dibenZyldithiocarbam 
ate; Zinc ethylphenyldithiocarbamate; nickel dibutyldithio 
carbamate; copper dimethyldithiocarbamate; piperidinium 
pentamethylene dithiocarbamate; thiocarbanilide; 1,3-dieth 
ylthiourea-1,3-dibutylthiourea; di(pentamethylene)thiuram 
hexasul?de; and morpholinethiobenZothiaZole. Numerous 
speci?c examples of guanidines, amines, and imines Well 
knoWn in the art, Which are useful as components in cura 
tives for rubber, are cited in Rubber Chemicals; J. Van 
Alphen; Plastics and Rubber Research Institute TNO, Delft, 
Holland; 1973. 

[0268] In elastomer formulations of the present invention, 
it is important to consider an additional factor in the choice 
of the accelerator system. This factor is related to the 
deblocking action of the accelerator on the blocked mercap 
tosilane condensate. Deblocking of the blocked mercaptosi 
lane condensate occurs by the catalytic or chemical action of 
a component added to the elastomer at a point Where 
deblocking is desired. Amines or related basic substances 
are particularly suitable in this regard. Most of the afore 
mentioned accelerators are amine based, but their basicity 
may be reduced because the nitrogen atom is bound to a 
sulfur atom, carbonyl, or thiocarbonyl. This in?uences the 
type of accelerator package ideally suited for elastomer 
compositions of the present invention. Thus, a preferred 
method of operation Would be to use such amines as both 
deblocking agent and accelerator. 

[0269] Among the accelerators of demonstrated suitability 
for use With blocked mercaptosilane condensates are diphe 
nylguanidine (DPG) and tetramethylthiuram monosul?de 
(TMTM). The TMTM is preferred. It is believed that the 
family of such compounds, i.e., R2NC(=S)—Sn— 
C(=S)NR2 Wherein n=1 to 4, R is an akyl group of 1 to 4 
carbon atoms, Would be preferred. 

[0270] Free amines, or closely related chemical com 
pounds, such as imines, anilines, and nitrogen-containing 
heterocycles are expected to deblock and thereby activate 
the blocked mercaptosilanes much more readily, rapidly, 
and/or completely than many of the aforementioned accel 
erators on the basis of their stronger basicity. Suitable amine 
accelerators Would be secondary or tertiary amines contain 
ing substantial carbon content so that they contain suf?cient 
hydrophobicity in their structure to offset the hydrophilicity 
of the basic amine group, so that dispersion into the rubber 
matrix is promoted. All such compounds should have boil 
ing points of at least 140° C. and preferably greater than 
200° C. This includes secondary or tertiary amines With 
enough carbon content to be miscible in the rubber mixture, 
generally about a molar ratio of C:N of at least 6:1. Alter 
natively, the amine may be a heterocyclic amine of the 
folloWing classes: quinoline, imidaZoline, imidaZolidone, 
hydantoin, hydralaZine, pyraZole, pyraZine, purine, pyrimi 



US 2003/0199619 A1 

dine, pyrrole, indole, oxaZole, thiaZole, benZimidaZole, ben 
ZoxaZole, benZothiaZole, triaZole, benZotriaZole, tetraZole, 
aniline, phenylene diamine, and imine. Factors in consider 
ing the accelerators of the free amine type Would, of course, 
be factors such as toxicity, physical state (ie liquid or solid), 
volatility, its ability to disperse into the formulation, and the 
like. 

[0271] Most suitably, one can use mixtures of the vulca 
niZation accelerators, Which are used to deblock the silane 
With the aforementioned deblocking agents to control the 
rate and degree of rubber cure as to to deblocking and 
crosslinking of the silane. Each rubber mixture Will have its 
oWn optimal blend Which may be determined by simple 
experimentation. 
[0272] Typical amounts of tacki?er resins, if used, com 
prise 0.5 to 10 phr, usually 1 to 5 phr. Typical amounts of 
processing aids comprise 1 to 50 phr. Such processing aids 
can include, for example, aromatic, naphthenic, and/or par 
af?nic processing oils. Typical amounts of antioxidants 
comprise 1 to 5 phr. Representative antioxidants may be, for 
example, diphenyl-p-phenylenediamine and others, such as, 
for example, those disclosed in the Vanderbilt Rubber Hand 
book (1978), pages 344-346. Typical amounts of antioZo 
nants, comprise 1 to 5 phr. Typical amounts of fatty acids, if 
used, Which can include stearic acid, comprise 0.5 to 3 phr. 
Typical amounts of Zinc oxide comprise 2 to 5 phr. Typical 
amounts of Waxes comprise 1 to 5 phr. Often microcrystal 
line Waxes are used. Typical amounts of peptiZers comprise 
0.1 to 1 phr. Typical peptiZers may be, for example, pen 
tachlorothiophenol and dibenZamidodiphenyl disul?de. 

[0273] The rubber composition of this invention can be 
used for various purposes. For example, it can be used for 
various tire compounds. Such tires can be built, shaped, 
molded, and cured by various methods Which are knoWn and 
Will be readily apparent to those having skill in such art. 

[0274] All references cited herein are incorporated by 
reference to the extent they are relevant to the present 
invention. 

[0275] Various features and aspects of the present inven 
tion are illustrated further in the examples that folloW. While 
these examples are presented to shoW one skilled in the art 
hoW to operate Within the scope of the invention, they are not 
intended in any Way to serve as a limitation upon the scope 
of the invention. 

EXAMPLES 

Example 1 

Homogeneous Preparation of a Condensate of 
3-Acetylthio-1-propyltriethoxysilane 

[0276] A crude starting material of 3-acetylthio-1-propy 
ltriethoxysilane Was ?rst puri?ed by ?ash vacuum distilla 
tion from sodium ethoxide. The distillate Was redistilled. An 
initial forecut of volatiles Was discarded and the bulk of the 
distillate Was retained as a clear and colorless liquid, Which 
Was used as the starting material for the preparation of the 
condensate. To a homogeneous mixture of 3-acetylthio-1 
propyltriethoxysilane (74.35 grams, 0.2525 mole) and anhy 
drous ethanol (70 grams) Was added a modest quantity of 
Water (2.27 grams, 0.126 mole), With stirring. The mixture 
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Was alloWed to stand at ambient temperature for six Weeks. 
After this time, volatiles Were removed by rotary evapora 
tion. 

Example 2 

Heterogeneous Preparation of a Condensate of 
3-Acetylthio-1-propyltriethoxysilane 

[0277] A crude starting material of 3-acetylthio-1-propy 
ltriethoxysilane Was ?rst puri?ed by ?ash vacuum distilla 
tion from sodium ethoxide. The distillate Was redistilled. An 
initial forecut of volatiles Was discarded and the bulk of the 
distillate Was retained as a clear and colorless liquid, Which 
Was used as the starting material for the preparation of the 
condensate. A tWo-phase mixture of 3-acetylthio-1-propyl 
triethoxysilane (68.3 grams, 0.232 mole) and Water (49 
grams, 2.7 moles) Was stirred for six Weeks at ambient 
temperature. After this time, the liquid layers Were separated 
in a separatory funnel. Volatiles Were removed by rotary 
evaporation from the organic phase. 

Example 3 

Homogeneous Preparation of a Condensate of 
8-octanoylthio-1-propyltriethoxysilane 

[0278] A quantity of 8-octanoylthio-1-propyltriethoxysi 
lane (240 grams, 0.66 mole) Was added to a homogeneous 
mixture of anhydrous ethanol (54 grams) and Water (5.93 
grams, 0.329 mole) With stirring. The mixture Was alloWed 
to stand at ambient temperature for six Weeks. After this 
time, volatiles Were removed by rotary evaporation. The 
product Was further puri?ed by ?ash vacuum distilling out a 
forecut and retaining the nonvolatile portion of the sample. 
The forecut contained most of the ethyl octoate, 3-mercapto 
1-propyltriethoxysilane, and 3-chloro-1-propyltriethoxysi 
lane impurities present in the sample, as established by 
comparative GC (gas chromatography) With pure samples of 
the respective contaminants. GC analytical results (area %): 
Si—O—Si siloxane “dimer” of 8-octanoylthio-1-propyltri 
ethoxysilane 46.4%; 8-octanoylthio-1-propyltriethoxysilane 
33.0%; 1-diethoxy-1-sila-2-thiacyclopentane 0.2%; bis-3 
triethoxysilyl-1-propyl disul?de 4.4%; bis-3-triethoxysilyl 
1-propyl trithiocarbonate 1.0%. Higher molecular Weight 
components of Si—O—Si siloxane “trimers”, “tetramers”, 
etc. of 8-octanoylthio-1-propyltriethoxysilane are expected 
in these compositions, but Would not have been detected by 
the GC spectra taken. 

Example 4 

Heterogeneous Preparation of a Condensate of 
8-Octanoylthio-1-propyltriethoxysilane 

[0279] A tWo-phase mixture of 8-octanoylthio-1-propyl 
triethoxysilane (124.3 grams, 0.3409 mole) and Water (175 
grams, 9.71 mole) Was stirred at ambient temperature for six 
Weeks. After this time, the liquid layers Were separated in a 
separatory funnel. Volatiles Were removed by rotary evapo 
ration from the organic phase. The product Was further 
puri?ed by ?ash vacuum distilling out a forecut and retain 
ing the nonvolatile portion of the sample. The forecut 
contained most of the ethyl octoate, 3-mercapto-1-propyl 
triethoxysilane, and 3-chloro-1-propyltriethoxysilane impu 
rities present in the sample, as established by comparative 
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GC With pure samples of the respective contaminants. GC 
analytical results (area %): Si—O—Si siloxane “dimer” of 
8-octanoylthio-1-propyltriethoxysilane 39.0%; 8-oc 
tanoylthio-1-propyltriethoxysilane 37.1%; 1-diethoxy-1 
sila-2-thiacyclopentane 0.4%; 3-mercapto-1-propyltriethox 
ysilane 0.2%; 3-ethylthio-1-propyltriethoxysilane 0.3%; bis 
3-triethoxysilyl-1 -propyl disul?de 5.3%; bis-3 
triethoxysilyl-1-propyl trithiocarbonate 1.8%. Higher 
molecular Weight components of Si—O—Si siloxane “tri 
mers”, “tetramers”, etc. of 8-octanoylthio-1-propyltriethox 
ysilane are expected in these compositions, but Would not 
have been detected by the GC spectra taken. 

Example 5 

Heterogeneous, Acid-CatalyZed Preparation of a 
Condensate of 

8-Octanoylthio-1-propyltriethoxysilane 
[0280] A tWo-phase mixture of 8-octanoylthio-1-propyl 
triethoxysilane (125.1 grams, 0.3431 mole), Water (83.4 
grams, 4.63 moles), and glacial acetic acid (12.5 grams, 
0.208 mole) Was stirred for six Weeks at ambient tempera 
ture. After this time, the liquid layers Were separated in a 
separatory funnel. Volatiles Were removed by rotary evapo 
ration from the organic phase. The product Was further 
puri?ed by ?ash vacuum distilling out a forecut and retain 
ing the nonvolatile portion of the sample. The forecut 
contained most of the ethyl octoate, 3-mercapto-1-propyl 
triethoxysilane, and 3-chloro-1-propyltriethoxysilane impu 
rities present in the sample, as established by comparative 
GC With pure samples of the respective contaminants. GC 
analytical results (area %): Si—O—Si siloxane “dimer” of 
8-octanoylthio-1-propyltriethoxysilane 30.2%; 8-oc 
tanoylthio-1-propyltriethoxysilane 50.5%; 3-mercapto-1 
propyltriethoxysilane 0.2%; bis-3-triethoxysilyl-1-propyl 
disul?de 5.1%; bis-3-triethoxysilyl-1-propyl trithiocarbon 
ate 1.8%. Higher molecular Weight components of Si—O— 
Si siloxane “trimers”, “tetramers”, etc. of 8-octanoylthio-1 
propyltriethoxysilane are expected in these compositions, 
but Would not have been detected by the GC spectra taken. 

Example 6 

Base-Catalyzed Preparation of a Condensate of 
8-Octanoylthio-1-propyltriethoxysilane 

[0281] To the homogeneous mixture of 8-octanoylthio-1 
propyltriethoxysilane (72.12 grams, 0.1978 mole) and etha 
nol (72.3 grams) Was added a modest quantity of Water. The 
resulting mixture Was stirred to a homogeneous solution, to 
Which Was subsequently added a modest quantity of Water 
(19.6 grams, 1.09 moles). This mixture Was then stirred, 
resulting in another homogeneous mixture. To this resulting 
mixture Was added a small quantity of sodium ethoxide 
(0.086 gram, 0.0013 mole) as a 21 Weight % solution (0.41 
gram) in ethanol. This mixture Was then stirred at ambient 
temperature, giving a homogeneous solution. A slight phase 
separation Was evident in this mixture after stirring for one 
day. Stirring at ambient temperature Was then continued for 
another six Weeks. After this time, the liquid layers Were 
separated in a separatory funnel. The organic Was by far the 
predominant phase. Volatiles Were removed from the 
organic phase by rotary evaporation. The product Was fur 
ther puri?ed by ?ash vacuum distilling out a forecut and 
retaining the nonvolatile portion of the sample. The forecut 
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contained most of the ethyl octoate, 3-mercapto-1-propyl 
triethoxysilane, and 3-chloro-1-propyltriethoxysilane impu 
rities present in the sample, as established by comparative 
GC With pure samples of the respective contaminants. GC 
analytical results (area %): Si—O—Si siloxane “dimer” of 
8-octanoylthio-1-propyltriethoxysilane 23.6%; 8-oc 
tanoylthio-1-propyltriethoxysilane 58.7%; 1-diethoxy-1 
sila-2-thiacyclopentane 0.1%; 3-mercapto-1-propyltriethox 
ysilane 0.5%; bis-3-triethoxysilyl-1-propyl disul?de 5.1%; 
bis-3-triethoxysilyl-1-propyl trithiocarbonate 1.2%. Higher 
molecular Weight components of Si—O—Si siloxane “tri 
mers”, “tetramers”, etc. of 8-octanoylthio-1-propyltriethox 
ysilane are expected in these compositions, but Would not 
have been detected by the GC spectra taken. 

Example 7 

Formic Acid CatalyZed Preparation of a Condensate 
of 8-Octanoylthio-1-propyltriethoxysilane 

[0282] Into a one liter round bottomed ?ask equipped With 
a distillation apparatus, addition funnel, thermometer, heat 
ing mantle, and magnetic stirrer Was added 200 grams (0.55 
mole) of 3-octanoylthio-1-propyltriethoxysilane and 1.0 
gram of Purolite CT-275 dry, acidic ion exchange resin. 
From the addition funnel Was added 12.6 grams (0.27 mole) 
of 96% formic in acid While heating the ?ask contents to 80° 
C. With stirring. Distillation at 80° C. and 5 mm mercury 
vacuum, yielded 28.2 grams of loW boiling components 
(mainly, ethanol and ethyl formate). The ?ask contents Were 
?ltered to yield 164.2 grams of 10 csk viscosity. Analysis by 
29Si NMR indicated 2.26 ethoxy groups per Si and 13C 
NMR shoWed 2.13 ethoxy groups per Si and no loss of 
octanoyl groups on sulfur. 

Example 8 

Formic Acid CatalyZed Preparation of a Condensate 
of 8-octanoylthio-1-propyltriethoxysilane and 

tetraethyl silicate 

[0283] Using the apparatus described in Example 7, a 
mixture of 364.0 grams (1.0 mole) of 3-octanoylthio-1 
propyltriethoxysilane, 208.3 grams (1.0 mole) of tetraethyl 
silicate and 2.7 grams of Purolite CT-275 ion exchange resin 
Were added to the ?ask. From the addition funnel 30.6 grams 
Water (1.7 moles) Was added to the ?ask While the contents 
of the ?ask Were heated to 55° C. The temperature Was 
maintained at 50-55° C. for three hours With stirring. The 
?ask Was cooled to room temperature, ?ltered and the loWer 
boiling components Were vacuum distilled (85° C., 8 mm 
Hg) from the ?ask (mainly ethanol, 127.0 grams) to yield 
upon isolation 423.6 grams of an amber liquid of 14 cstk 
viscosity. The 13C NMR con?rmed that all of the octanoyl 
groups remained on sulfur after this reaction. 

Example 9 

Formic Acid CatalyZed Preparation of a Condensate 
of 8-Octanoylthio-1-propyltriethoxysilane and 

Octyltriethoxysilane 

[0284] Using the apparatus described in Example 7, a 
mixture of 364.0 grams (1.0 mole) of 3-octanoylthio-1 
propyltriethoxysilane, 276.5 grams (1.0 mole) of octyltri 
ethoxysilane and 2.7 grams of Purolite CT-275 ion exchange 
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resin Were added to the ?ask. From the addition funnel 30.6 
grams Water (1.7 moles) Was added to the ?ask While the 
contents of the ?ask Were heated to 50° C. The temperature 
Was maintained at 50-55 ° C. for tWo hours With stirring. The 
?ask Was cooled to room temperature, ?ltered, and the loWer 
boiling components Were vacuum distilled (80 C, 2 mm Hg) 
from the ?ask (mainly ethanol, 111.5 grams) to yield upon 
isolation 484.6 grams of an amber liquid of 14 cstk viscosity. 
The 13C NMR con?rmed that the octanoyl groups remained 
on sulfur after this reaction. 

Example 10 

Formic Acid CatalyZed Preparation of a Condensate 
of 8-Octanoylthio-1-propyltriethoxysilane and 

Phenyltriethoxysilane 
[0285] Using the apparatus described in Example 7, a 
mixture of 364.0 grams (1.0 mole) of 3-octanoylthio-1 
propyltriethoxysilane, 240.4 grams (1.0 mole) of phenyltri 
ethoxysilane and 2.7 grams of Purolite CT-275 ion exchange 
resin Were added to the ?ask. From the addition funnel 30.6 
grams Water (1.7 moles) Was added to the ?ask While the 
contents of the ?ask Were stirred at room temperature for 1.5 
days, then Were heated to 50° C. for 2 hours. The ?ask Was 
cooled to room temperature, ?ltered, and the loWer boiling 
components Were vacuum distilled (50° C., 10 mm Hg) from 
the ?ask (mainly ethanol, 125.7 grams) to yield upon 
isolation 469.1 grams of an amber liquid of 14 cstk viscosity. 
The 13C NMR con?rmed that the octanoyl groups remained 
on sulfur after this reaction. 
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Examples 11-22 

[0286] In the folloWing examples, the amounts of reac 
tants are parts per hundred of rubber unless otherWise 
indicated. 

[0287] The folloWing tests Were conducted With the fol 
loWing methods (in all examples): Mooney Viscosity @100° 
C. (ASTM Procedure D1646); Mooney Scorch @135° C. 
(ASTM Procedure D1646); Oscillating Disc Rheometer 
(ODR) @149° C., 1° arc, (ASTM Procedure D2084); Physi 
cal Properties, cured t90 @149° C. (ASTM Procedures 
D412 and D224). 

[0288] Formulation: 75 Sol?ex 1216 sSBR, 25 Budene 
1207 BR, 80 Zeosil 1165MP silica, 32.5 Sundex 3125 
process oil, 2.5 Kadox 720C Zinc oxide, 1.0 Industrene R 
stearic acid, 2.0 Santo?ex 13 antioZonant, 1.5 M4067 micro 
Wax, 3.0 N330 carbon black, 1.4 Rubbermakers sulfur 104, 
1.7 CBS, 2.0 DPG, and 7.2 silane. 

[0289] Mixing of the formulations Was carried out in a 
Banbury Mixer during an eight minute mixing period at 
170° C. for all samples. The results of physical testing of 
these formulations are shoWn in Tables 1-(A-D). In the 
tables, the term “Prodex” is used, for convenience, to mean 
“The product of Example”. Thus, for example, “Prodex 10” 
should be understood to mean “The product of Example 10”. 
Where this terminology is not used, the products Were made 
by a process analogous to that described in Example 8. 
Further, “Y-15099” is 8-octanoylthio-1-propyltriethoxysi 
lane and “TEOS” is tetraethoxy silane. 

TABLE 1-A 

Example No. 11 12 13 14 15 16 17 

Y-15099 
Prodex 10 

7.2 
7.2 

Y-15099/I‘EOS/oligomerized 7.2 
Prodex 9 
Prodex 7 

7.2 
7.2 

Hydrolysis Y-15O99/I'EOS/H2O (1/1/1) 7.2 
Hydrolysis Y-15O99/I'EOS/H2O (1/1/1.9) 7.2 
Mooney Viscosity @ 100° C. 

56 62 59 54 62 61 58 
Mooney Scorch @ 135° C. 

v 

MS1+, t3, minutes 
MS1+, t18, minutes 

24.3 24.6 25.3 21.9 27.1 26.0 24.2 
8.6 13.4 10.2 16.4 9.4 10.1 9.6 

12.4 18.2 14.5 21.5 14.2 14.5 14.1 

[0290] 

TABLE 1-B 

Example No. 11 12 13 14 15 16 17 

ODR @ 149° C., 1° arc, 30 minute timer 

ML in.-lb. 
MH, in.-lb. 
tsl, minutes 
t90, minutes 

6.9 6.8 7.1 6.0 7.6 7.0 6.6 
25.8 29.5 26.5 27.3 26.9 27.3 26.1 
5.2 7.4 5.5 8.3 5.1 5.3 5.4 

12.4 15.5 15.5 17.2 16.2 15.5 14.2 
Physical Properties, cured t90 @ 149° C. 

Hardness, Shore A 
Elongation, % 

55 62 58 58 61 60 57 
604 643 676 658 691 683 699 
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TABLE 1-B-continued 

Example No. 11 12 13 14 15 16 17 

25% Modulus, psi 92 118 100 103 108 112 109 
100% Modulus, psi 218 275 218 234 224 225 227 
300% Modulus, psi 1,110 1,232 1,012 1,029 946 909 1,015 
Tensile, psi 3,321 3,390 3,460 3,112 3,255 3,159 3,533 
300%/25% 12.1 10.4 10.1 10.0 8.8 8.1 9.3 
300%/100% 5.1 4.5 4.6 4.4 4.2 4.0 4.5 

[0291] wherein: 

m u v andW are inde endentl an inte er from Zero 1_C 7 y7 7 7 ' p y y g 

to 10,000, 

Example NO‘ 18 19 2O 21 22 l is any integer from 1 to 10,000; 

ProdeX 3 7.2 . . 

Hydrolysis Y_15O99/TEOS/H2O 72 W1 is a hydrolyZable blocked mercaptosilane fragment 
(1/1/15) derived from a hydrolyZable blocked mercaptosilane 
ProdeX 5 7.2 by replacement of at least one hydrolyZable group With 
Prodex 6 7-2 one end of a siloXane oxygen (—O—) group that is 
ProdeX 4 7.2 t d b .th F 1 2 F 1 3' 
Mooney Viscosity @ 1000 C_ represen e y e1 er ormu a or ormu a . 

ROC :0 - G-- Y—S- G-S'X F l 2: MM + 4 6O 58 59 6O 61 {K ( ) M Mr lr ( 1 3)s Ormu a 

Mooney Scorch @ 1350 C. {(X3Sl-)qG}a{Y(—S-G'Si-X3)b}c; Formula 3: 

Mv 300 243 2&1 288 311 W2 is a hydrolyZable mercaptosilane fragment derived 
Ms1+, t3, minutes 3_6 91 51 5_@ 4_3 from a hydrolyZable mercaptosilane by replacement of 
M51+, tra, minutes 5-4 12-6 7-1 7-1 5-6 at least one hydrolyZable group With one end of a 

siloXane oXygen (—O—) group that is represented by 
Formula 4: 

[0292] 
l1(ROC(:O)')p(G')j]kY—S'l’I*dG('SH)d(—siX3)s; Formula 41 

TABLE 14) W3 is a hydrolyZable polysul?de silane fragment derived 
from a polysul?de silane by replacement of at least one 

Example NO- 18 19 2O 21 22 hydrolyZable group With one end of a siloXane oxygen 

ODR @ 1490 C” 10 are, (—O—) group that is represented by Formula 5: 

3O mmute tuner X1X2X3Si-G1SX-G1-SiX1X2X3; Formula 5; 

MLin-'1b- 7-7 6-6 7-6 7-6 8-1 W4 is a hydrolyZable alkyl silane fragment derived from 
MH, in.—lb. 25.6 26.5 25.2 25.1 24.9 h d 1 b1 1k 1 -1 b 1 f 1 
t 7 minutes 32 52 32 33 25 a y ro yZa e a y si ane' y rep acement 0 at east 
5B, minutes 84 131 84 103 92 one hydrolyZable group With one end of a slloxane 
Physical Properties, oXygen (—O—) group that can be represented by 
cured t9O @ 1490 C. Formula 6; 

Hardness, Shore A 55 57 54 55 55 Y1Y2Y3Si—R2; Formula 6: 
Elon ation, % 564 660 549 584 518 _ _ _ _ 
25%gMOdu1uS, psi 102 116 107 110 108 W5 is a hydrolyZable b1s s1lyl alkane fragment derived 
100% Modulus, psi 237 239 232 251 247 from a hydrolyZable bis silyl alkane by replacement of 
300% Modulus, Psi 1,183 L070 L170 L190 L274 at least one hydrolyZable group With one end of a 
Tensile’ psi 3380 3’433 3’229 3’4OO 3’154 siloXane OX en (—O—) rou that is re resented b 
300%/25% 11.6 9.2 10.9 10.8 11.8 yg g p p y 
300%/100% 5.0 4.5 5.0 4.7 5.2 Formula 71 

W6 is a hydrolyZable tris silyl alkane fragment derived 
from a hydrolyZable tris silyl alkane by replacement of 
at least one hydrolyZable group With one end of a 
siloXane oXygen (—O—) group that is represented by 
either Formula 8 or Formula 9: 

[0293] In vieW of the many changes and modi?cations that 
can be made Without departing from principles underlying 
the invention, reference should be made to the appended 
claims for an understanding of the scope of the protection to 
be afforded the invention. 

(Z1Z2Z3Si—CH2CH2—)3C6H9 Formula 8: 

(Z1Z2Z3Si—CH2CH2CH2—)3N3C3O3; Formula 9: 
What is claimed is: 

1. A blocked mercaptosilane condensate comprising at 
least one component Whose chemical structure is repre- Y is a polyvalent species (Q)ZA(=E); 
sented by Formula 1: 

Wherein, in the preceding Formulae 2 through 9: 

A is selected from the group consisting of carbon, sulfur, 
(W1)1(W2)m(W3)y(W4)u(W5)v(W6)W Formula 1 phosphorus, and sulfonyl; 


















